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PREFACE. 



The rapid advances in the knowledge of the pathology of the blood 
and the multitudinous applications of this knowledge in clinical diag- 
nosis which the last decade has witnessed have brought forth several 
critical treatises on hematology, and still furnish, as the writer believes, 
abundant reason for the preparation of another such work, in English. 

Although the clinical bearings of the subject have been partly or 
fully accessible to English readers in some recent text-books, many 
later contributions to the pathology of the blood and blood-forming 
organs have had to be sought elsewhere, often in the original articles. 
This omission the present work endeavors to supply. 

Much of the theoretical discussion in the volume, abstracts of special 
articles, and reports of cases, have been set in fine print, so as not to 
encumber the main text, which has been constructed for the student 
and general reader. The wants of the laboratory worker and special 
student of hematology have been partly considered in the chapter on 
Technics and Chemistry, and in the limited references to pathological 
anatomy. 

There are probably always some deficiencies in a treatise closely re- 
lating to clinical medicine when that treatise emanates from a patho- 
logical laboratory. Yet a comparison of the various extant works on 
the so-called "clinical" pathology of the blood has convinced the 
writer that clinical pathology is pathology still, and that a wide experi- 
ence at the autopsy table and in the microscopical examination of dis- 
eased tissues furnishes an absolutely essential standpoint from which 
to view pathological changes in the blood. The present volume aims 
therefore to associate changes in the blood as closely as possible with 
lesions in the viscera, without which combination the former are very 
often unintelligible. 



vi PREFACE. 

In the preparation of the work all available sources of information 
have been freely consulted^ and the writer has profited especially by 
the labors of Ehrlich^ Limbeck, Hayem, Lukjanow, Ldwit, Grawitz, 
Stengel, Cabot, and many others. An endeavor has been made to 
discriminate between aathorities, and in all details of important sub- 
jects the author has invariably consulted the original sources of in- 
formation. Works without bibliography have been of little value in 
this task, and the considerable number of references involved have 
therefore been included as a feature of the present volume. 

J. E. 



CONTENTS. 

INTRODUCTORY. 

ox THE INTERPRETATION OF ANALYSES OP THE BLOOD. 

PART I. 

GENERAL PHYSIOLOGY AND PATHOLOGY. 

CHAPTER I. 

TECHNICS. 

Qualitative tests for blood 23 

Volume of red cells and plasma 26 

Enumeration of blood cells 30 

Hemoglobin, iron 38 

Histological examination of blood 46 

Specific gravity 49 

Alkalescence 51 

Osmotic tension 53 

Glycogen, Fat 55 

Bibliography 56 

CHAPTER II. 

CHEMISTRY OF THE BLOOD. 

Red cells, Leucocytes 59 

Serum 62 

The Whole Blood 64 

The Blood-ash 66 

Urea, Uric Acid, Glucose, Glycogen 68 

Acetonemia, Lipacidemia, Cholemia....: 71 

Specific gravity 73 

Osmotic tension 75 

Alkalescence, Basic Capacity 77 

Bibliography 79 

CHAPTER III. 

MORPHOLOGY AND PHYSIOLOGY OF RED CELLS. 

Structure and staining reactions 82 

Degenerative changes 85 

Numbers, Polycythemia, Oligocythemia 89 

Bibliography 103 



• • • 



viii CONTENTS. 

CHAPTER IV. 

THE LEUCOCYTES AND LEUCOCYT08I8. 

Morphology 106 

Numbers and proportions 110 

Degenerative changes 112 

Leucocytosis, classification 116 

Relation to phagocytosis and immunity 119 

Clinical types of Leucocy tosis 122 

Experimental Leucocy tosis 131 

Bibliography 134 

Eosinophilia 137 

Lymphocytosis , 148 

Bibliography 148 

CHAPTER V. 

DEVELOPMENT OF BLOOD CELL8. 

Erythrocytes 149 

Leucocytes 154 

Blood plates 169 

Bibliography 160 



PART II. 

SPECIAL PATH01.0GY OF THE BLOOD. 

CHAPTER VI. 

CHLOROSIH. 

Etiologj' 168 

Changes in the Blood 166 

Regeneration of Bloo<l 168 

Varieties of Chlorosis, Pseudo-chlorosb* 169 

Bibliography 171 

CHAPTER VII. 

PROGRESSIVE PERNICIOUS ANEMIA. 

Historical .• 172 

IJtiology 174 

Pathological changes in Viscera 183 

Pathogenesis 186 

Changes in the Blood 187 

R^um^' 193 

Bibliography 196 



CONTENTS. ix 

CHAPTER VIII. 

LEUKEMIA. 

Historical 198 

Etiology- 201 

Pathological changes in Viscera 204 

Pathogenesis 208 

Changes in the Blood 210 

Diagnosis of Leukemia 219 

Bibliograph}' 220 

• 

CHAPTER IX. 

P8EUDO-LEUK EMI A . 

Historical 223 

Anatomical characters 224 

Relation to Leukemia, Pernicious Anemia, Tuberculosis 226 

Changes in the Blood 229 

Bibliography 231 

CHAPTER X. 

ANEMIA INFANTUM P8EUDO-LEUKEMICA, SPLENECTOMY. 

Historical 233 

Etiology 233 

Pathological changes in Viscera 234 

Changes in the Blood 234 

Significance of v. Jaksch's anemia 235 

Bibliography 237 

Splenectomy. 

Effects of Splenectomy in Animals 238 

Splenectomy in Man 239 

Bibliography 241 



PART III. 

THE ACUTE INFECTIOUS DISEASES. 

INTRODUCTORY SECTION. 

THE BLOOD IN FEVER. 

Chemical changes, Resistance of red cells 243 

Febrile Hydremia 244 

Action of Bacteria upon the Blood 245 

Bibliography 246 



X CONTENTS, 

CHAPTER XI. 

PNEITMONIA. DIPHTHERIA. 
Pneumonia, 

Gross changes, Red cells, Leucocytes 248 

Bacteriology 254 

Diphtheria, 

Red cells, Leucocytes 255 

EflTects of Antitoxine 257 

CHAPITER XII. 

EXANTHEMATA. 

Variola 259 

Vaccinia. 260 

Varicella 260 

Scarlatina • 261 

Measles 262 

CHAPTER XIII. 

TYPHOID FEVEE. 

Red cells, Leucocytes 264 

Bacteriology 267 

Bibliography, on Pneumonia, Diphtheria, Ezanthems, and Typhoid Fever 268 

CHAPTER XIV. 

WIDAL's TEST. 

The reaction, etc., 271 

Bibliography 278 

CHAPTER XV. 

MISCELLANEOUS INFECTIOUS DISEASES. 

Septicemia, Pyemia, Osteomyelitis 280 

Appendicitis, Abscess, Erysipelas 288 

Acute Rheumatism, Tonsillitis, Whooping-cough 285 

Inflammations of Serous Membranes 287 

Gonorrhea, Yellow Fever 288 

Typhus Fever, Influenza 289 

Tetanus, Plague, Malta Fever 290 

Actinomycosis, Glanders, Anthrax 291 

Bibliography 291 



CONTENTS. » 

CHAPTER XVI. 

SYPHILIS, TUBERCULOSIS, LEPROSY. 

SyphUiSy Grades of Anemia. 293 

EflTectBof Mercury 294 

Congenital Syphilis 297 

TuberculoaiSj Grades of Anemia 298 

Tuberculosis of Meninges, Bones and Joints 802 

Chemistry, Bacteriology 303 

Lepromf 304 

Bibliography 305 



PART IV. 

CONSTITUTIONAL DISEASES. 

CHAPTER XVII. 

HEMORRHAGIC DISEASES AND DIATHESIS. 

Purpura Hemorrhagica 307 

Hemophilia 310 

Scurvy 311 

Hemocytolysis 314 

Methemoglobinemia 316 

Paroxysmal Hemoglobinuria 317 

Bibliography 320 

CHAPTER XVIII. 

MISCELLANEOUS CONSTITUTIONAL DISEASES. 

Diabetes 322 

Obesity : 324 

Addison's Disease 325 

Osteomalacia 327 

Rachitis 328 

My xed ema 330 

Bibliography 331 

CHAPTER XIX. 

NERVOUS AND MENTAL DISEASES. 

Mania, Oeneral Paresis, Epilepsy, etc 333 

Beri-beri 335 

Chorea, Graves' Disease 336 

Bibliography 336 



• • 



xu CONTENTS, 

PART V. 
GENERAL DISEASES OF VISCERA. 

CHAPTER XX. 

THE HEMOPOIETIC 8Y8TEM. 

Liver, general considerations, special diseases 837 

Esophagus 342 

Stomach, general considerations, special diseases 343 

Intestines, absorption and depletion, special diseases 349 

Bibliography 352 

• 

CHAPTER XXI. 

LUN08, HEART, KIDNEYS. 

Diseases of Lungs, Asphyxia 354 

Diseases of Heart, Malignant Endocarditis 357 

Diseases of Kidneys, Uremia 361 

Bibliography 366 

CHAPTER XXII. 

• MALIGNANT TUMORS. 

Carcinoma 868 

Sarcoma 373 

Bibliography 375 



PART VI. 

ANIMAL PARASITES. 

CHAPTER XXIII. 

MALARIA. 

Technics 377 

Morphology of Parasites 381 

Plurality of species in Estivo-autumnal group 392 

Crescents, Flagellate Bodies 396 

Development in Mosquito 399 

Conjugation 400 

Occurrence of Parasites in the Blood 401 

Malarial Anemia 404 

I^eucocytes in Malaria 407 

Bibliography 409 



• • • 



CONTENTS, xm 

CHAPTER XXIV. 

RELAPSING FBVER. 

Morphology of Spirillum 411 

Changes in the Blood 413 

Bibliography 413 



CHAPTER XXV. 

MISCELLANEOUS PARASITIC DISEASES. 

Trichina Spiralis 415 

Distoma Hematobium 416 

Ascaris Lumbricoides, AnguiluUa Stercoralis 417 

Anchy lostoma Duodenale, Bothriocephalus Latus 418 

Filariasis 421 

Bibliography 423 



LIST OF PLATES. 



PLATE. PAGE. 

I. Normal blood. Triacid stain 82 

II. Normal blood. Eosin and Methylene-blue 106 

III. Mild Chlorosis 164 

IV. Severe Chlorosis 169 

V. Progressive pernicious anemia 188 

VI. Secondary pernicious anemia 190 

VII. Myelemia 211 

VIII. Lymphemia 215 

IX. Degenerating leucocytes in leukemia 213 

X. Mast-cells. Glycogen in leucocytes 252 

XI. Tertian malarial parasite 382 

XII. Quartan parasite 388 

XIII. Estivo-autumnal parasite 390 

XIV. Conjugating cycle of tertian parasite 400 



INTRODUCTORY. 



ON THE INTEBPBETATION OF ANALYSES OF THE BLOOD. 

Plethora. — Although the older physicians regarded the existence of 
a true plethora as an important and well-established fact in pathology^ 
this view, lacking proof, received a serious blow from the work of 
Lud wig's pupils, v. Lesser and Worm-MuUer, and from the authorita- 
tive conclusion of Cohnheim. Lesser and Worm-MuUer, attempting to 
produce artificial plethora by transfusion of blood in animals, found 
that when the red cells were thereby increased 28 percent the num- 
bers fell to normal on the following day, and when increased 58 per- 
cent, the blood became normal on the twenty-third day, while the total 
quantity of blood might be doubled without abnormal symptoms, owing 
to the rapid return to the normal quantity. Likewise Hamburger was 
unable to produce a permanent plethora in horses, by the injection of 
large quantities (7 1.) of 5-percent solution of sodium sulphate, finding 
that the isotonic power of the blood, thus increased, became normal in 
one-half to two hours, while nearly all traces of the salt disappeared 
from the blood in twenty-four hours. Instead of drawing from these 
data the conclusion that continuous plethora cannot be induced arti- 
ficially, the unwarranted claim was advanced that a true plethora does 
not exist (cf. v. Recklinghausen, Lukjanow). Against this conclusion 
stood the daily observation of clinicians and pathologists, at the bed- 
side and in the dead-house, that there are extreme variations in the 
quantity of blood in the vessels of different subjects, in divers states 
of health and disease. Oei*tel especially strongly maintained, without 
being able to offer proof, that the volume of blood might be reduced in 
endocarditis and with good therapeutic effect. Positive data on the 
question were gathered by Bergmann and Heissler, pupils of Bollinger, 
and the fact established that there is, in general, a direct ratio between 
the volume of blood and size of the heart, and the muscular develop- 
ment of the subject, and an indirect ratio with the subject's fat-de- 
posits. Though lacking full experimental proof it is now generally 
accepted that the quantity of blood in the body is variable, may be in- 
creased by hygienic measures, and is diminished in many unhygienic 
and diseased conditions. 

Anhydremia, i. 6., a reduction in the volume of blood with concen- 
tration of solids, must be admitted to result from loss of body fluids, 
as by sweating and diarrhea, or by diminished ingestion of water. 

Czerny exposed cats in a warm, dry chamber for 36 hours, finding 
that they lost 45 percent of their weight, the volume of blood was 
2 



greatly reduced, its viscoeity increased, and tlio red cells rose, in one 
CRee, to ten millions per cubic millimeWr. 

Grawitz found that profuse sweating is followed in the majority 
of coses by a. conceutnition of the blood, in one instance from s. g, 
1040 to lUtil. A few subjects showed u contrary reaction and dimi- 
nution in gravity (1060-1057. .5), which Grawitz refers to nervous in- 
fluences. 

Limbeck examinetl the blood of a case of cirrhosis of the liver with 
extreme ascites, before and after tapping the abdomen. On the day 
after the removal of IH 1. of fluid the red cells had risen from 
3,280,000 to 5,160,000. Stintzingand Gnmprecht have made similar 
observations, before and afti-r the removal of large serous exudates^ 

Grawitz found the sjKicific gravity of the blood at first decreased by 
the intravenous injection of concentrated salt solutions (absorption of 
water), while tlie administration of the salt by mouth concentrated 
the blood. 

It therefore follows that the iugeetion of water and the loss of body 
fluids always produces a more or less transitory eifect on the volume 
of the blood. There can be no doubt also that the prolonged sweats of 
phliiisis and the severe diarrhea of typhoid fever, dysentery, and 
cholera, lead to a more or less continuous reduction in the volume of 
the hlootl and a concentration of blood cells. 

A very strikloK Uluatratioa of this ]irinci|>1e was frequently enirounl«red 
by the writer among the soliliem aX Catnp Wiclcofi'(189S). Wheu these pa- 
lienU, Buflering from prolonged malaria witl) severe anemia were attacked 
liy typhoid fever or acute dysentery, the ordinary watery character of the 
ezpressod blood drop disappeared, and the blood bood beuame tbicJc [and 
deep red. 

Herz claims to have recc^nizcd an " acute swelling " of the red 
(tells in febrile conditions, especially iu typhoid fever, and v. Limbeck, 
finding a cimsiderablc average increase in the volume of the red cells 
in eight febrile cases, l>elicviis that relative oligoplasmia with increased 
volume of n>d cells is of frojuent occurrence in high fevers. 

The effect of Berroos influenceB in altering the quality of the blood 
in the whole or a part of the circulation has Iwen demonstrated by 
numerous stndii-s. 

Oohnsteiii and Zuntz found that section of the cord above the origin 
of the splanchnic nerves is followed by general dilatation of blood- 
vemels, and reduction in the proportion of red cells. 

OrawilK and Knopfelroaoher found, in general, that vaso-motor paral- 
ysis is followed by IixmI and general increase in the volume of blood 
with diminished spcciflc gravity and proportion of re<] cells, while the 
oppoflite eS*ect8 fi>llow vaso-motor constriction of vessels. 

The nervous stimulus of cold baths has been found by Leichtcn- 
rttern, Wick, Knopfelm»i-her, Wintemitz, Tliuycr, and Grawitz, to be 
followed by contraction of vessels and increase in the proportion of 
red and white cells, while the hot pack, and the inhalation of amyl 
nitrite, have an opposite effect. 
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To a similar origin must be attributed the increased gravity of the 
blood observed by Grawitz after the injection of tuberculin, and cul- 
tures of the bacillus of cholera and that of diphtheria, and the oppo- 
site effect produced by dreptocoeeus and staphylococcus pyogenes, and 
B, anthracis. 

The influence of psychical emotions on the character of the blood 
in different regions of the body has been emphasized by Lloyd Jones, 
and is seen especially in the study of the blood in neurotic women. 
Jaoobi, examining the blood of an hysterical woman, found on No- 
vember 12th, 3,892,000 red cells; on December 11th, 8,084,000 
red, 102,200 white cells; on December 16th, 3,393,000 red, 22,000 
white. Grawitz refers to the remarkable increase seen in the specific 
gravity and proportion of cells in the blood of rabbits, in experiments 
conducted without anesthesia. The remarkable variations in the 
blood taken from the ears of rabbits, depending on the temperature 
and blood content of the member, are a matter of common observation. 

In the mechcmism by which these changes are brought about, there 
appear to be many factors. Heidenhain, Lowit, Griirtner and Bomer, 
find that many substances injected into the blood cause an increased 
flow of lymph. (Extract of cancerous tumors, pepton, tuberculin, 
toxines of B. pyocyaneus and pneumococcus, hemialbumose, nuclein, 
uric acid, etc.) Heidenhain and Hamburger believe that some sub- 
stances excite a secretory action of the capillary endothelium, 
whereby the fluids of the blood are diminished. 

Grawitz explains the concentration of the blood under the influence 
of cold by the escape of fluids into the tissues, but the experiment of 
Cohnstein and Zuntz offers another explanation, since they found un- 
der the microscope that capillaries might be so reduced in calibre by 
irritation of vaso-constrictor nerves that no red cells, but only plasma, 
could pass in them. It then appears that many red cells may be caught 
in the contracted capillaries while the plasma passes on into the veins. 
Grawitz has shown by many comparative tests that the capillary 
blood is, in all ordinary conditions, richer in cells than that of the 
veins. It does not appear to have been proven that the vascular 
dilatation produced by heat is followed, in this particular condition, 
by the return of tissue fluids into the capillaries. It appears quite 
as likely that an irregular distribution of cells and plasma is to a larger 
extent responsible for such local variations in the composition of the 
blood (cf. Wintemitz). 

The law that increased blood pressure leads to transudation, 
authoritatively stated by Ludwig and Landois, appears to have a less 
important application here than in more general and more prolonged 
processes. It is not likely that a cold bath can be followed by much 
exudation of serum into the tissues. 

Massage and electricity have been shown, by Mitchell and Cheron, 
to cause an inunediate increase in the number of red cells in the blood 
of a part, an effect which may be explained according to the above 
data. 
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The iin(X)rtaiicc of the osmotic relations of the blotKl in ix>atro1- 
Itng the volume of red cells and plasma, is indicated from the discus- 
sion in Chapter II. In hydremia and anhydrcmia Hamburger has 
shown that the iaotoiiic relatious of the Mood are maintained by a 
rapid interchange of salts and alhucaen!* between the cells and plasma, 
with frequent minor ehauges in their relative volume. From Lim- 
beck's analyses of venous and arterial blood it appears, also, that the 
imbibition of CO, causes swelling of red cells with absorption of wi 
and salts and with relative diminution in the volume of plasi 
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The foregoing considerations are dwelt U[)on not only because of 
their theoretical interest, but because they deal with fun<lameiital factJi 
without the knowledge of which it is imjKissible to properly perform 
or sensibly interpret the results of an examination of the blood. 

To summarize the discussion, it has been shown that there are wide 
variations in the quantity and quality of the blood referable to di- 
verse conditions other than disease. 

1. There are considerable physiological variations iu the volume 
snd composition of the blood, according to the constitution of the in- 
dividual (plethora), and the d^ree of muscular development. Here 
may be classed the variations between the sexes and between different 
periods of life. Such variations are permanent but usually not of 
extreme gnule. 

2. There is a great variety of physiological conditions producing 
marked but transitory clmngeN in the blood, such as active digestion, 
muscular exertion, the ingestion of flutdH, profuse perspiration, tem- 
porary cyanosis, etc. 

3. The nervous system has a very striking tem])orary influence on 
the qnality of the blood in local or general areas, acting through the 
cerebral (psychical) or medullary centers, or through local vaso-motor 
nerves. 

4. Various local influences may greatly change the quality of the 
blood specimen, as seen in the local and tmusieot effects of cold, heat, 
massage and electricity. 

fi. Many therapeutic proccdurcfi may temporarily alter the blood, 
u the aspiration of fluids, administration of diaphoretics, purges, 
TBSo-dilators (amyl nitrite), vaso-coiistrictors, etc. 

6. Various [mthologieal conditions may partly or completely ob- 
scure the real status of the blood, as the .sweats of phthisis ; the diar- 
rhea of typhoid fever, dysentery, and cholera ; general cyanosis or 
local stasis ; the increased arteriHl tension of uremia ; the polyuria of 
diabetes and nephritis ; antemortem cunliac faihire, etc. 

Having reganl U> the possible action of any of the above influences, 
one may avoid many of the l(xnl disturbances by observing special 
care in the maninT of expressing the blood specimen. 

The blood should be cxpn-ssol by very slight pressure, exerted at^^ 
distance, front a liberal puncture of the flnger-tip or ear-lobe. ThjH 
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circulation in the part should be as nearly normal as possible and 
should be uniform. A cold bloodless tissue is not suitable for furnish- 
ing a blood specimen^ and if artificial means are taken to correct the 
condition a sufficient period must elapse to allow the accelerated circu- 
lation to subside. Blood should be taken not less than four hours after 
a hearty meal, and when comparative tests are made^ the specimens 
should be taken at the same hour each day. 

The examination having been performed, its results are to be irUer^ 
preted only in the light of the fullest possible clinical information. There 
can be no doubt, as Grawitz has pointed out, that the numerous con- 
tradictory results of hematological studies are largely referable to 
hasty conclusions drawn from figures without regard to the condition 
of the patient or the stage of the disease under consideration. Like- 
wise, hematological diagnosis has fallen into much discredit from the 
tendency to offer opinions from the isolated findings of the blood-test. 
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CHAPTER I. 



TECHNICS. 



QUALITATIVE TESTS FOB BLOOD. 

By far the most delicate test for blood is the demonstration of red 
blood cells under the microscope, but as these cells are not always 
preserved in demonstrable form, one must frequently resort to various 
tests for hemoglobin and its derivatives. 

The Guiacum Test. 

To a watery solution of the suspected substances is added a few 
drops of tincture of guiac, producing a milky precipitate. A few 
drops of hydrogen peroxide 

added will, in the presence Fro- 1- 

of blood pigment, produce 
a distinct blue color. 

The tincture of guiac 
should be freshly made, and 
diluted to the color of pale 
sherry wine. The guiac 
must be added before the 
peroxide, and the blue color 
must develop immediately. 
Many substances turn tinc- 
ture of guiac blue, without 
the presence of peroxide. 
This test is very delicate, 
demonstrating one part of 
fresh blood in several thou- 
sand of water. It is most 
effective with fresh speci- 
mens; but afler two or 

three years some specimens &il to react satisfactorily. Brandenburg 
finds that leucocytes of myelogenous origin, but not the lymphocytes 
give this same reaction. 
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The Hemin Test (Teichmann's). 

A drop of blood or portiou of suspected detritus U spread out on 
ft glaes slide mixed with one drop of salt solutiou nnd dried at a low 
temperature. A cover-glaHH is theu laid over the specimen, fillet) 
beneath with glacial acetic acid, and the specimen evaporated with 
higher heat, but without boiling. When the fluids have entirely 
evaporated, the specimen may be mounted in distilled water and ex- 
amined microscopically for the cliaracteristic crystals of hemin 
(Teichmann's crystals). 

The hemin teat, if successful, is absolutely reliahle, but often foila, 
in unskilled hands, from (1) Alteration of albumins by excessive 
heat, preventing the formation of crystals ; ('2) Excess of salt solution ; 

is) Violent boiling whieh drives off free HCl, thus preventing the 
brmation of hemin crystals (hydrochloride of hematin). 
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In all coses where a sufficient quantity of dissolved blood can be 
obtained Ibr examination the spectroscopic test is the best means of 
determining not only the presence of blood pigment but also its par- 
ticular form. 

Of fresh blood a l-perccnt solution yields very distinct absorption 
hands. Recently clotted blood dissolves readily in water. Old clots 
may usually be dissolved by maceration in acetic acid after which the 
spratrum of acid hematin is obtained. Clots that have l>een exposed 
to heat must be mneerated in ammonia, when the spectrum of reduced 
or of alkaline heraadn 
will result. 

For ordinarj- clinical 
work Browning's spectro- 
scope is very satisfactory, 
but absorption bands are 
more accurately located in 
laip?r instruments. The 
small Instrument should 
I>c supported in a con- 
venient holder in strong 
daylight or gaslight. By 
means of a collar the 
width of the aperture 
may be varic-d according to the strength of the light and opacity of 
the fluid. Ily means of tlie sliding tube Fraunhofer's lines are brought 
intoaccurate focus. The fluidsshould beexaminedin small glass vials 
with flat sides. 

When dealing with fresh blood and unaltered Hb the spectrum is 
that of ort/hemof/lobin, which shows two absorption bands between /> 
and i", one rather Ihin and sharp near the orange, and the other 
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broader near the green. The indigo and most of the blue is abeorbed. 
In strong rolution the two bands of oxyhemoglobin may be united. 

If to the solution of oxyhemoglobin is added a little reducing sub- 
stance, such as ammonium sulphide, the color of the fluid becomes 
darker and the spectrum cfaaoges, becoming that of reilurett hemoglobin, 
giving one broad absorption band between D and E. 

The transformation of the spectrum of oxyhemoglobin to that of re- 
dtiocd Hh, by reducing agents, is the positive indication of the preeencc 
of blood. Cochineal and ammoninted carmine give spectra very simi- 
lar to that of oxyhemoglobin, but on the addition of boracic acid the 
spectra of these eubstaoces are displaced into the blue, while that of 
blood remains unaffected. The spectra of various other vegetable dyes 
simulate that of blood but these are bleached by sodium bisulphite. 

Memalin is produced by the addition of acids or strong alkalies to 
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reduced lib. Id acid solution its spectrum is similar to that of acid 
melhemoglobin. In alkaline solution it gives a single rather broad 
band at IX 

Clinically, tlic most important alteration of oxyhemoglobin is that 
into TtdJiemotflo/iin, sometimes detected by the cli(x»late color of the 
blood. In acid or neutral solution it gives four ubsorpthn banda, one 
r]uit« sharp, between C and I) ; a second, faint, in the yellow, immedi- 
ately to the right of D; a third, broad, rather distinct, Iretween the 
yellow and green, and just to the left of £; a fourth, broad, to the left 
of F, sometimes mei^ed with a complete absorption of the blue end of 
the epectrum. 

The demonstration of carbonic-oxittc-Hlt is of great clinical impor- 
tance in cases of gas-poisoning. The blood drop has a rosy red tinge, 
seen alike in both venous and arterial blood. In one-half percent 
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dilution a spectrum is obtaioed which resemblca that of oxyhemoglobin, 
but the bands arc brnadcr, and the D hand is displaced slightly to tbe 
right. Ou the addition of ammonium sulphide the spectnim of osy- 
hemoglobiu is replaced by that of reduced Hb, while Co-Hb remains 
unaltered. lu uppl^nug this test clinically, since considerable oxyhemo- 
globin remains in the blood in most cases, the results of spectral 
analysis are not always clear, and corroborative tests are required. 

1. Warm tlie 8i>ecimen with equal part«) of 10-i»eroent NaOH ; 
normal bloml becomes dark brownish green, the other hei-omes cloudy, 
then clear re<i, and red flakes gather ou tlie surface, (Hoppe-Seyler.) 

2. To a 2-pereent solution of blood add a few drops of orange-col- 
ored ammonium sulphide containing an excess of sulphur, and faintly 
acidify with a tew drops of dilul« acetic add, carffaUy shaking. Car- 
bonic-oxide blood then shows a beautiful rose red color, with a floc- 
culent precipitate, while normal blood becomes greenish or reddish 
gray. The test may be performed in u porcelain dish, adding a drop 
of blood to the niisetl reagents. (Katayama.) 

Kunkel and Welzel employ a solution of zinc chloride, or very 
dilute solution of platinum chloride, which color carbon ic-oxide blood 
bright red, normal blood, black. 

Rubner recommends that the suspected blood be diluted 4-5 times 
with acetate of lead, when normal blood becomes chooolate, carbonic- 
oxide blood red. 

Waterj' ucutml solutions of Co-Hb, Ixiiled, yield a clear red coa^- 
lum. while oxyhemoglobin Wcomes grayish brown, (Iloppe-Scyler.) 

Estimation of Total Quantity of Blood. 

The limits of error in the nietho<l8 of estimating tlie total quantity 

of bl(M>d, suggested by Valentin, Vieronit, Bunlzen, and Thibaull, 

probably exceed the physiological and pathological variations in the 

bulk 'if this tissue, and are therefore not available for cliiiiuil purposes. 



ESTIMATION OF THE VOLUME OF EED CELLS AND PLASMA. 
L TEE HEMATOCBIT. 

B The idea that the centrifuge might give valuable clinical infonnation 
■oonceming the volume of re<i cells was original with Blix, while hU 
instrument and mctliod have been improved principally by Hedin, 
Giirtner, and Daland. Although hand -centrifuges have been used and 
rwiommended, the best n.-sulls are obtained only with the electric cen- 
trifuge, which is at present in the market at a reasonable figure. 

The improved electric centrifuge consists of an iron-elad motor car- 
rying a steel shaft and horizontal armature for urine tubes, which may 
lie replaced by the hematocrit. A "speed indicator" may also be 
attached which strikes a bell with every 100 revolutions. The 
LUBtrument is practically noiseless even with a very liigh speed. A 
iti is used to control tbe current and sjieed. A speed of 8,000- 
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10,000 revolutions may be obtained by a small battery or frum the 
street current. The hand-centrifuge, Fig. 5, may be employed when 
it 18 not convenient to use electricity. 

The hematocrit-attnchment conaists of two capillary tubes, graduated 
in 100 degrees, which are held in the armature by springs. (Fig. 5.) 

PHocEntruE. — With walking patients frfJth blood may be used. 
The capillary tubes may be filled automatically by holding the tube 
horizontally, or with one end slightly depressed, and touching it to 
the rather large drop of bloud required. The tube is then immedi- 
ately inserted in the armature, as in Fig. 5, the opposite tube hav- 
ing previously been filled with water, and the revolutions are begun 
before the blood coagulates. 

When the patient is at a distance, the blood must be diluted, prefer- 
ably in 2.o-percent solution potassium biehromate, as recommended 
by Daland. The IiIixhI should be 

diluted with equal parts of this F'o- *■ 

solution, which may be accom- 
plished in the red-cell or white- 
cell pipette of the hemocytometer. 
With the red-ceil pipette the cap- 
illary tube is filled with blood to 
the mark 1, then a small air bub- 
ble is drawn in, followed by an- 
othertube-length of blood. Three 
or four tube-lengths of blood 
should be secured in this way 
and immediately mixed with an 
equal number of tube-lengths of 
diluent. With the white-coll 
pipette a single measure of blood 
and diluent is sufficient. The 
blood and diluent should then be 
mixed by gentle shaking, taking 
care not to enclose air bubbles. 
When diluted blood is used VkiiIi 
tubes of the hematcxirit should \w 
filled with blood, which may be 
done by allowing the drops to flow 
in from the point of the pipette. 

The tubes are now revolved 
at a speed of eight to ten thou- 
sand revolutions per minute, for 

three minutes, after which the sut, :imi'?i'.'.H'u'J,,ii,'.ni'.'.r''' Th!>h™irrM,'rii ait^h^ 
volume of the red cells has lieen iJdian' k!""^^" """ '"""' "'''*'° '"''" '" "'° "'"''''"* 
found Dnalterable, 

The question now arises how many red cells are contmned in one 
degree of the scale. Daland, working extensively with diluted blood, 
places the number at 99,-390, practically 100,000. 




GENERAL PHTSIOLOOT AND PATBOLOGT. 

Cabot, in a series of 40 comparative feats, using undiluted blood in 

^ the hematocrit, found variations between 105,000 and 123,000, with 

n average of 112,000. 

Further observations on this jwint are recjtiired, but at present the 

I above figures should be used for diluted and fresh blood respectively, 

multiplying the result by two when diluted blood has been used, 

Fro. fl. 
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Limitations of the Hematocrit. — Since the centrifuge doee 
I not necessarily require the use of diluting fluids, a serious cause of 
I error in the method may be removed by the use of fresh blood. It 
' must be admitted, however, that the original volume of the red cells 
cannot always be exactly determined by this method, as in pathological 
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conditions the compressibility of the corpuscles is not always uniform. 
Moreover, in altered conditions of the plasma, it is uncertain how 
much change can be wrought in the natural volume of red cells by 
violent centrifugal force. Some fragile cells are probably always de- 
stroyed during the centrifugal process. 

When diluting fluids are used, the error is doubtless increased by 
alterations in the density and composition of the plasma and in the 
volume of the red cells caused by the action of the fluid. Neverthe- 
less Daland's claim must be admitted that the volume of the red cells, 
except in leukemia, is determined by this method with accuracy suf- 
ficient for clinical purposes. The value of such information is, of 
course, quite evident. 

The further claim that the hematocrit may give more accurate esti- 
mates of the number of red cells than does the hematocytometer has 
not been confirmed. The volume of the red cells differs so markedly 
in both the chlorotic and the pernicious anemias that one cannot seri- 
ously consider the project of replacing the hematocytometer by the 
hematocrit. Only in the moderate secondary anemias, with little 
change in the size and Hb-content of the cells, can the volume of the 
red corpuscles yield reliable indications of their number. In cases of 
leukemia and of extreme leucocytosis so many leucocytes are entangled 
with the red cells that even the volume of the red cells is not accu- 
rately told, much less their number. Each of these instruments has 
its proper field to which it should be restricted, and as the hematocrit 
is not over-exact in its immediate object, it is unscientific to introduce 
a second source of error, as is done in attempting to compute the num- 
ber of red cells from their volume. 

It may be added that the value of the hematocrit in estimating the 
character and severity of an anemia has not yet been as fully recog- 
nized by clinicians as it deserves, possibly because more attention has 
been paid to the number of red cells than to their functional capacity. 

The reliability of the centrifuge in determining even the volume of 
the red cells has been denied principally by the brothers Bleibtreu, 
and by Bleibtreu and Wendelstadt. These observers devised another 
method of determining the volume of the red cells, which they claim 
gives more trustworthy results than are obtained by the hematocrit. 
They employed .6-percent salt solution to prevent coagulation and 
allowed the blood to settle slowly. The nitrogen-content of the super- 
natant plasma was then determined by KjeldahPs method, and from tables 
which these observers constructed the volume of the plasma and heuce 
that of the red cells could be determined, from the quantity of if obtained. 

While the results obtained with the hematocrit by several observers 
indicate that the normal volume of red cells varies between 40—66 
percent, Bleibtreu's method gave normal variations in cadaveric 
blood between 25.15 and 55.8 percent (Bleibtreu, Pfeiffer), v. Lim- 
beck obtained very low volumes with Bleibtreu's method (-24—28 per- 
cent) which he refers to the use of highly oxidized blooa, in which 
he believes the red cells are reduced in volume. The lengthy discus- 
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sion which lia>j prevailed regardio^ the ubovc jraiute, indicates thai j 
the volume of the red cells is subject to a congiderablo variety of I 
changes, the origiu and significance of which are little undergtood. li 1 
has been shown that in order to prevent N from leaving the red cells j 
during sedimentation, the exact isotonic tension of the plasma must be 1 
determined in each instance, and a correapondiug solution of salt used. I 
The isotonic tension of plasma is rarely so low as .t>-pcrcent NaCl. I 

Moreover, supposing that the red cells remain intact during sedi- I 
mentation, the pathological variations in the N-content of the plasma, I 
depending ou several variable nitrogenous bodiei?, are too frequent ami I 
marked to permit of any fixed formula to give the volume of the scrum I 
from its content of nitrogen. (Bleibtreu's method has been sharply 1 
criticised by Hamburger, Eyekman, Uedin, Biemacki and others.) I 

The following table of results obtained by Biemacki well illustrato ' 
the unreliability of com|>arisons between results obtained by different 
procedures and the general inaccuracy of all indirect methods of esti- 
mating the numWr of red cells or percentage of Hb, from the volume 
of the cells and the specific gravity : 



. Normal 

'.. Normal .... 

[. ('«Dwr Ew^thagna 

I. Rbeumalitm .._ 

'. ChlorosU- ,....„..,...„ 

I. Pbtliiaia 

. Nephritis 

k TmbM « 

I. Chloroai* 83.01 

I Phthuu* I 84,«9 

. UlwrufSloniMh | 85.43 



77.18i6 

77.60 

TB.58 

7B.02 

SO.f>» 

82.37 

82. 7.'! 



Nnnbvr. | rel>Bi«« 



13. XepliriliiL | 80.4B 



037 mil. 

|5.487 I 
16.176 I 
,3.B0i I 

4.»68 



4.260 
1.975 
,8.826 
Z.466 



Cimwitz detennines the volume of red cells in blood drawn in oon- 1 
siderable qiiantitii^ hy venesection. The specific gravities of the whole ] 
blood (/>,), of the ccntrifugi-d H-rum (f)X and of the t-edimented red , 
cells (/>J, are first determined, from which the volume jiercentage of J 
red cells (j*) may lie computed by the following fominla : 
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ESTIMATION OF THE NUHBEB OF BLOOD CELLS. 
The Hematocytometer. — The instrument now in use for oountine 
blood cells is that of Thonia, who combined and improved eevcrei 
features of instruments previously devised by Huyem. Gowers, and 
MalasM-ic. This apparatus consists of a mixing pipette and a counting 
(-hamt>cr. 



ESTIMATION OF THE yUMBUR OF BLOOD CELLS. 

{«) The pipette is a capillary tube graduated in ten eqaal di\ 
sonnounted by a biilbofeiactly 100 times the capadty of the tube, and 
to wbicli is attached a rubber tube and mouthpiece. (Sec sketch.) 
Wben the tube is filled with blood up to the mark I, and this is mixed 
with a dilutiug Huid sucked up to the mark 101, a specimen of blood 
b obtained in the dilution of I to 100. By tillin); only one-half the 
tube with blood, up to the mark 0.5, the subscqueut dilution is in the 
proportion of 1 to 200. The bulb contains a glass bail to facilitate 
the mixing of the blood. 

(/)) Th« coanting-ctiamber is constnicted so as to secure a layer ttf 
diliit«d blood yV millimeter in depth over a certain square area. 

On a thick glass slide is cemented a thinner glass plate, the central 
portion of which is cut out. In this central area is cemented a circular 
glass shelf the surface of which is exactly ^ millimeter lower than 
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the surface of the glass plate. When a drop of diluted blood is 
placed on the shelf and covered with a cover-glass, a layer of fluid is 
»e<"ured, which is exactly -^^ millimeter deep. Between the edge of 
the shelf and the surrounding plate is a moat into which the blood may 
run, but if the fluid should run over the moat and beneath the cover- 
glass, the latter will be elevated and the resulting layer of fluid will 
be more than ^'j, millimeter deep. The shelf is accurately ruled as 
sitown in Fig, 8. 

The entire ruled area is nine square millimeters, but only the cen- 
tral square millimeter is used in counting red cells, the others being 
re<|uired in counting leucocytes. It will be seen that this central 
square millimeter b subdivided into 400 small squares (Iti blocks of 
2o each), so that each small square is ^J^ sq, mm. Beginning at the 
lower lefl-hand corner of this area, it will be seen that every fifth 
■quarc, above and to the right, is subdivided by an extra line, which 
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\ is ad<]ed merely to a^ist in countiag the squares. The outlyiDg 
square millimeters are variously ruled. 

The above description applies only to the so-called " Zupjwrt " 
obamber which i^hould always he secured, preferably of Zeiss' manu- 
facture. The older chambers cannot well he iiai-d for counting leuco- 
cytes. 

Dilnting Fluids. — Of the various diluting fluids, Toisson's Mixtitile 
is to be recommended : 

I Bodium ralphale 8 gna. ^^^H 

I Sodium chloride I ^^^H 

r Olyceriouur ail ^^H 

Aqu« dest 160 

Melhyl Tiolet .Oil " 

This fluid keeps well, staius the leucocytes, and is of high specific 
gravity so that the red cells settle from it slowly. 

When counting leucocytes only, one may use with advantage a .6- 
percent solution of sodium chloride tinged with gentian violet (about 
1 drop of saturated alcoholic solution gentian violet to 50 cc. of salt 
solution). This fluid, while readily prepared, does not keep well, and 
the red corpuscles settle from it so rapidly that it ought not to be used 
in counting the«e cells. It permits, however, of the identification of 
eosinophile cells and of certain degenerative changes in leucocytes. 

A reliable fluid for diluting and permanently preserving blood is 
found in Havrm's Mixtubk: ^^_ 

Hrdraiy. bichlor. 0.5 gno. ^^^^| 

8oii. Riilphat fi.O " ^^H 

Hod. rhlor 1.0 " ^^B 

A.|,daU 200.0 " ^^H 

Directions for Using tlie Homatocytometer. (a) Filling tbb I^^| 
PFTTTK. — The finger lip of the patient is cleansed with soap and water, 
dried with alcohol, and freely punctured with a needle or a specially 
prepare*! acne-lancet. Using very gentle pressure only, a compact 
drop of blood is then expressetl and the capillary tube is filled to the 
mark I or O.h. In doing this the pipetle must be held between the 
thumb and forefinger and the hand steadied against the hand of the 
patient. In well constructed pipettes the column of blood is easily 
controlled, and after filling, the end of the tube may he cleanse(| of 
adherent blood. The diluting fluid is then sucked up to the mark tOl, 
taking cure that no blood runs out of the tut>e when it is immersed in 
the fluid. The specimen is then thoroughly mixed by shaking. 

(A) Fii.LiNti THE CouSTi.VG-CH.VMBEn. — The counUng-chamber 
and cover-glass are thoroughly dried and freed from particles of 
dust. One or two drops of diluted blood arc first force<l from the pi- 
pette and a tliinl drop, the size of which can he learned only by expe- 
rienoe, is deposited on the central shelf. The cover-glass is then im- 
mediately adjusted, slipping one corner under the forefinger of the lefV 
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hand and controlling the opposite corner with the second finger of the 
right hand; and lowering the glass slowly so as not to include air bubbles. 
Without raising the fingers, now quickly cover the other corners with 
the forefinger of the right and second finger of the left hand, and press 
the cover-glass firmly into position. If the application is successful 
and no dust particles have intervened, Newton's color rings will appear 
beneath the cover-glass. The formation and permanency of these rings 
may be facilitated by breathing very gently on the specimen before ap- 
plying the cover-glass. 

The specimen should now be held up to the light and examined 
closely to see that the red cells are evenly distributed. An uneven 
distribution is readily detected by the naked eye. After settling a few 
moments the specimen is ready for counting. 

Hie rapid and successful adjustment of the cover-glass is tlie most im- 
portant detail in the process of counting blood cells. The cover-glass 
most be rapidly adjusted because from the moment the drop is placed 
upon the shelf there is a rain of cells upon the ruled area out of a layer 
of fluid which is more than -^j^ mm. deep. 

The specimen must be discarded : 

If Newton's rings do not appear. 

If any air bubbles are inclosed. 

If the fluid runs underneath the cover-glass. 

If the shelf is n>ot well covered by fluid. 

If on inspection, the cdls are found unequally distributed, 

(c) Counting the Red Cells. — The specimen proving satisfactory 
the count may begin as soon as the cells have settled. Zeiss, D., 
Leitz, No. 7, Reichert's or Bausch and Lomb, J, are the lenses best 
suited for this purpose, and a good mechanical stage is necessary for 
accurate work. Locate in the field the lower left-hand block of 25 
small squares, begin at the lower and left square and passing to the 
right count all the cells lying in the first five squares. The fifth 
square will be found subdivided. In each square count all the cells 
lying on the lower and left side lines, leaving to be counted with the 
adjacent squares all the cells lying on the lines above and to the right. 
Proceed in this way till at least four blocks of 25 small squares, and 
at least 1,000 cells are enumerated. The more squares counted over 
the greater the accuracy, and when slight variations are to be demon- 
strated the entire square millimeter must be covered. If the cells now 
appear to be unevenly distributed the specimen should be discarded 
and another prepared after thoroughly shaking the pipette. 

{d) Computation. — Suppose that 1,280 cells are enumerated in 
100 small squares, i. e., in \ of the square millimeter. This number 
multiplied by 4 gives the number lying over one square millimeter. 
But the depth of the fluid is only ^ mm. so that we multiply again by 
10 to get the number of cells in one cubic millimeter of fluid. Finally 
we must multiply by 100 because the blood is diluted in the propor- 
tion of 1 to 100. 

In shorty after counting over 100 small squares the result is multi- 
8 
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If the capillary tul)e was originally filled to the mark 0.^^ 
lutioD k 1-200, and the multiplier 6',^W. If 400 squnres an? < 
over, the multiplier is 1,000. 

(e) Sources of Eiror in tbo Use of the HematocTtometor. I. Ih 
Securixo thb Drop of Biak)d, — Wlion nuidi pressure is employed 
ill expressing the drop of blwHl, tissue fluids arc isqut-czed out with tlw 
blood and the number of red otIIs is reducctl. Rt'iiiert found a reds ~ 
tion of 722,000 from this cause, which is esiK?cially potent in casts 
dropsy and of severe anemia. 

When the finger is cold, the circulation pixir, or local stasis ia pi 
duced, as by a ligature, the red cells are increased in number. T( 
avoid errors of this class, the circulation in the hand should be as ac- 
tive as possible, the finger warm, and the puncture liberal enough 
permit the flow of blood with little pressure applied at some disl 
from the puncture. Unless these conditions can be secured 
hardly worth while to count the blood cells, 

2. In Diluting the Blood an'd in TRANSFKaiti.vo it to the 
CoDNTiNG-cnAMBER there are numerous plainly evident sources of 
error, such as the inaccurate fliling of the capillary tube, the entrance 
of air with the blood column, the feilure to cleanse the tip of adherent 
blood, the escape of blood inio the diluting fluid, the overfilling of the 
bulb with diluting fluid, the inadequate mixture of the blooc], the fail- 
ure to diflchfti^ one or two dro[w Iwfore applying one to the shelf, 
use of thin cover-glasses, and, above all, delay and inaevunicy in 
justing the cover-glass. A little experience and constant care sorvB 
eliminat« all these diflicullits. 

.1. Is THK CoNSTKr<TION AXI> Co.VDITION OF TUK Al'l'ARATtlS.- 
Thc tendency to favor the Zeise instruraenta is still probably well 
founded, although ItciU and Reichert are now making very excellent 
piftettes after Grawitr.' model. Aside from inaccuracies in the gradu- 
ation of the pipette and construction and ruling of the counting-chamber, 
which are now reducod to a minimum, some pijiettes are still nn sali- 
which arc U>o short, their calibre is too large and is narrowed at the 
point Ml that the tulws cannot lie cleaned, they require too much blooil, 
and the short arm is so small tliut the mark 101 c<imes too close totlii- 
bulb. Accurate work cannot be performed with such instruments. 
The worker is at present advised to insist on having (imwite' pipette 
made by Zeiss, LeitK, or Iteichcrt. 

Many cloee observers find that their pipettes vary with the temper- 
ature. While accurate information on this jmint is not at hand it is 
just OH vr«ll tu avoid extremes of temperature in making the testa anrl 
in cleaning the instrument. It has been suggested tiiat tlic polyoy- 
thi-mia of high altitudes is partly referable to variations in the hcmo- 
cytometer due to changes in atmospheric pressure, but this suspicion 
has nut l>een eonflrmed. 

The condition of the pipette is of prime imgiortnuce. Absolute 
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nees of tube and bulb is essential. The collection of minute crater 
drops in the tube and bulb is responsible for many of the shadow cor- 
puscles sometimes seen in the counting-chamber. 

Every few weeks a pipette should be cleaned out with concentrated 
nitric acid. 

(/) Clsanins the Apparatus. — After using the pipette, the rubber 
tube may be transferred to the long arm and the remaining fluid ex- 
pelled. The tube should then be cleaned thoroughly with water, then 
with alcohol and ether, or better, with pure ether. It must be thor- 
oughly dried before using again. The counting-chamber must he 
cleaned with vxiier only, as alcohol 

and eiher dissolve the cement undo- Fio. 7. 

Ute ahdf and plate. 

( g) The Umlt of Error with the 
Hematocytometar. — Lyon, Thoma, 
(and Reinert), counting an average i ; 
of 1,141 cells in 100 squares, with : 

a dilution of 1-200, found an aver- 
age error of 1.82 percent in 24 
preparations of the same specimen, 
and in another case, counting an 
averageof934 cells in 100 squares, 
1-200 dilution, an average varia- 
tion of ^.71 percent, in 12 prep- 
arations of the same specimen. 
(Limbeck.) These results in the 
bands of experts using special care, 
indicate that a variation of 130,- 
000 cells (3 percent) cannot be ac- 
cepted aa of any significance. More 
accurate data are, however, seldom 
required by the clinician. 

OliTer'fl Hematocytometer. 
The Principle. — When a candle 
flame is viewed through a flat glass 
tube containing water a transverse 
line of bright light is seen which 
results from the blending of numerous images of the flame. The im- 
ages are produced by the minute longitudinal corrugations in the glass 
which reflect the light in various directions. When diluted blood is 
placed in the tube the fluid is sufficiently opaque to shutout the images 
until a certain dilution is reached when a bright streak of light becomes 
rather suddenly visible. 

Oliver believes that the appearance of this bright horizontal line is 
a very sensitive indicator of the proportion of red cells in the fluid, 
and by a long series of observations has devised an instrument 
for detemuning the number of red cells in blood according to this 
principle. 
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The apparatus consists of a measuring pipette (A) ; a dropper for 
Hayem's fluid (B) ; a Bat glass tube graduated in I '20 degrees (C). 

The Proceoure. — The capillary pipette is carefully fiUwl with 
blood and washed into the tube by means of Hayem's fluid. A proper 
amount of fluid is then addetl to the diluted blood and the two an 
mixed by inverting the tulw closed by the thumb, care being Inken 
not to remove any diluted blood ivith the thumb. The test should be 
' made in a dark room, the light being furnished by a Clirigtmafl candle 
placed nlmiit ton feet from the operator. When the blood is insuf- 
ficiently diluted the imago of the candle is invisible when looking 
through the tube held horizontally, Fig, 7, D, but at a certain dilution 
the images begin to ap|>ear, and at the proper dilution a rather com- 
pact transverse line of light becomes visible. The liottom of the men- 
iscus is then read off on the graduated scale. Each dt:^ree of the scale 
represents 100,000 red cells, the mark 100 corresponding to 5 million 
cells, 80 to 4 million, (!0 to 3 million, etc. 

There are both theoretical and practical objections to tJie use of 
Oliver's instrument. Theoretically, the method falLs in the undesir- 
able class of indirect methods about which there are always a large 
series of unknown disturbing factore, which can only ho eliminated by 
prolonged experience, 

Practically the diFBculty of determining the exact dilution from the 
appearance of a compact line of light is very great. The method can- 
not be recommended until it has i-eceived much wider application than 
it has yet enjoyeil. 

The Estiiiiation of Lencocytes. 

The leucocytes may be counted by a method wliich reipiires a »_ 
cial mixing pipette, yielding a dilution of blood in the pro|>ortion of 
1 to 10, and a diluting fluid (3-percent acetic acid, tinged with gen- 
tian violet) which dissolves the red colts, leaving ouly the stained leu- 
cocytes tf) be counted. The same chamber is used as for counting red 
cells, and the same procedure is followed. All the lemrocytes in one 
square millimeter having been countdl, the result is multiplied by 100, 
giving the numlwr of leucocytes per cubic millimeter. 

The disadvantages early riHMignized in this method are the expense 
and inuonvenience of an extra pijiette, and a second diluting fluid, the 
time nnjuircd in preparing n second specimen, the larger quantity of 
blood re(|uired, the difliculty sometimes encountered in distinguishing 
leucocytes fnmi the detritus of red cells, and the imjiossibility of sep- 
arating and evenly distributing the cohesi%'e leucocytes. 

This method has gradually been replaced to a large extent by the 
practice of counting leucocytes in the same specimen prejiared for 
counting the red cells. In 1802 the writer found that he !M.<cured 
more uniform n'.-ulirt with the l.iltcr nielliod, iinti has since foimd no 
indiicemeiil to return to the li>rmor. 

The Coanting of Leucocytes in the Same Preparation with the 
&ed. — This methiMl rcquirc>i the ZAi'fERT CiiAMitEit which was OTWh 
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inallj devised by Elsholz for tbe estimatioD of eosinophile cells in 
fresh blood. Various modificatioaa of the ruling in this chamber 
have been employed, one of which, made by Leitz, at the writer's 
suggestion, is represented in Fig. 8. 

With this chamber using a Leitz lens, No. 7, it is possible to count 
over nine square millimeters which gives almost as many leucocytes 
as are counted in the other method. When tlie leucocytes are nor- 
mal or reduced in number, it is necessary to count all there are in 

Fro. 8. 




RullDiof ths Zappert chamber. 

the available 9 sq. mm., and if the number is very low it is advisable 
tn prepare a second specimen in the chamber and count the white cells 
in 1 8 sq. mm. When the leucocytes are increased, 9 sq. mm., or in 
cases of leukemia, 6 sq. mm., will yield a number large enough to in- 
sure an accurate result. 

In order to muke the leucocytes visible the Toisson's fluid or other 
solution should contain enough methyl-violet to stain these cells dis- 
tinctly. With a little practice the eye picks out the bluish highly 
refractive leucocytes very readily. 
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' What has been said regarding thecwnditidn of the local circulation, and 

tbe effeotfi of pressure in expreasing the blood, is to lie specially cmplui- 
aized when estimating the number of leucocytes in a specimen of blood. 

CoMi'fTATiox. — Divide the number of Icucocyten counted by tlic 
nunibi'r of ttquarc millimeter? traverseil iu tlie count and multiply by 
1.000. The result is the number of leucocvtes per cubic millimeter 
..f blood. 

If the original dilution is 1 to 200, which ought not to bo employed 
except in cases of leukemia, the multiplier is 2,000. Thus if 54 
leucocytes are counted iu 9 sq. mm. (dilution I— 100) the number per 
cubic mm. is 6,000 (54 -=- J)x 1,000). 

The Enumeration of Eoainophile Leucocytes. {<i) In the suns 
Preparation with the Red Cells. — WXna the blr>od is diluted, l-IOO, 
with .'i-ixTceut «ilt solution tin^iMl with gentian violet, the leuco- 
cytes retain their natural size and sha]>e and eosinophile cells can be 
readily ideutified by their lat^, greenish, refractive granules, tn 
(sacs oi myelt^nous leukemia this method is satia&ctory, but when 
the eosius an? present in their usual numbers {\-h percent) one mast 
count a larger number than can be found by tliis method. The usual 
expedient is to estimate their jwrcentagc from a dried specimen of 
lilomi, and then to calculate their number from the total number of all 
leucocytes counted by other nietliods. Thus, if the count shows 
12,000 leucocytes per cubic mm. and the dried blood slide shows 2 per^ 
oent of eosins their number will be 240 per cubic millimeter 

This method is sufficiently accurate for clinical jmrposes. 

{Ii) Bjr Means of Thomas Special Pipette for the Enumeration of Len- 
cocytes. — Klein, Jluelk-r and Kcider, and Elsholz have employed 
melhoils for the accurate estimate of eosins adapted to finer clinioal 
work and to experimental research. They use the large pipette of 
Thoma which gives a dilution of 1-10. The capillary tube is filled 
with blood to the mark 1 , and tite bulb is half filled with the following 
solution : Watery eosin (2 percent), 7 parts ; glycerine, 4-5— ; Aa. 
dest., hTi~. After shaking 3-4 minutes the bulb is filled to the mark 
II with the following staining fluid : Aq. dest., 15 cc.; gentian violet, 
oonc. aq. sol. o drops, alcohol 1 drop. 

In specimens thus prepared both neutrophile and eosinophile leuoo- 
cj'tes are readily distinguishet), the eosins being particularly brilliant. 
The red n'lls are dissolved and the leucocytes concentrated so that a 
sufficient number of eosins may bo couutetl. 

Zappert's extensive studies of eosinophile leucocytes were conducted 
with Kpecimcus diIiiU-<] in the large pipette of Thoma, by the following 
solution : 1 -percent osmic acid sol., b nc, to which are added 5 drops of 
a filU-red mixture — .K(\. dest. 10 ce,. glycerine, 10 ce., I-peroent watery 
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THE ESTIMATION OF HEMOOLOBIN. 

_ Qower's Hemoglobinometer. — This instrument has always been i 

largely employed on account of its chcjipnivss and simplicity, and tbe | 
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ease and rapidity witli which its results are obtaiaed. Except with 
low percentage of Hb, it is tolerably accurate, but muoh less reliable 
than Fleischl's inatruraent. With low percentages of Hb it is well to 
list' a double quantity of blood, halving the result. 

Aside from any inawuracy in the coiistnictiou of the apparatus, 
errors arise chiefly from tlie difficulty of adding exactly the proper 
ijuantity of water to tlie blood, and the imperfect comparison of red 
colors iq daylight. The apparatus consists of two glass tubes (A> B) 
of exactly equal caliber, one of which is partly filled with gelatine col- 
ored by picrocflrmine ra as to represent the color of a 1 -percent solu- 
tion of normal blood. The 
second tube carriea a grad- 
uated scale from 10 to 120 
and 9er\'e6 to hold the di- 
luted blood. The capil- 
lary pipette C measures 
'20 cmm., the quantity of 
blood to be used. 

In making the test the 
pipette is filled to the mark 
20 omm. with blood ob- 
tained under the usual pre- 
cautions. The specimen 
is quickly discharged into 
the tube B, in which a 
few drops of distilled 
water have previously 
been placed. Tlic pipette 
must tlien be wastied once 
or twice into the tube, the 
distilled water removing 
all traces of blood adher- 
*'nt to the inside of the 
capillary tube. Distilled 
water is now added drop 

by drop, until the solution of blood, carefully shaken and i 
actly matches the carmine-gelatine. The percentage of Hb is 
by ibt height of tlie solution on the scale, reading from the middle of 
the meniscus. The colors match in daylight, and the eye may be as- 
sisted by holding the tube in front of white paper. 

2. Fleischl's Hemojrlobinometer. (n) Apparatus. — This apparatus 
consists of a metal stand with plate and plaster mirror, S, which casts 
diffused light through a circular opening in the plate. Beneath the 
plate, by means of a rack and wheel (7^), slides a colored glass 
wedge fixed iu a graduated frame, P. The glass wedge and graduated 
scale are arranged so as to indicate the percentage of Hb correspond- 
to the different portions of the wedge. In the circular opening of 
Lplate fits a cylindrical metallic cell (^t), with glass bottom and 
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[ metal partition, one compartmeDt of which lies directly over the glass 
wedge. The other compartment (a) being filled with diluted blood, 
one is enabled to make a close comparison of the color of the dissolved 
blood with that of the glass wedge. The blood is measured by an an- 
tomattc capillary pij)ette, while a slowly running dropper is provided 
with which to add distilled water. On the handle of each pipette is 
stamped a number, indicating the cubic content of the tube. On the 
stand of each instrument is also a number, showing the capaciiy of the 
tubes with wliich it can be used. 

(6) Procedure. — One should first see that the automatic pipette 
is in working order, by blowing it out several times with water until 
it fills instantly and completely, after which it must be thoroughly 
dried. A drop of blood having been expressed under very strict pre- 
cautions against pressure, one end of the pipette is lightly touched to 
the drop which instantly fills the tube. There should he neither nega- 
tive nor positive meniscus to the column of blood, but the tube should 
be level full at either end. It should not be immersed in the blood 
drop, otherwise blood will adhere to the sides which cannot safely be 
removed. The tube of blood is immediately transferred to one com- 
partment of the cell which has been half filled with distilled water, and 
the blood is thoroughly 
Pio. 10. dissolved by moving the 

tube rapidly from side to 
side. On withdrawing 
the tube it should be 
washed into the cell with 
a few drops of distilled 
water. Withtlie handle 
of the pipette tlie blood 
which collects in the cor- 
ners of the chamber is 
thoroughly mixed. Both 
chambers of the cell may 
now be filled level full 
with water. The thick 
round cover-glass should 
then be adjusted, avoid- 
ing the inclosure of air. 
Serious error may here 
■ - — result by forcing dis- 

Fiti.fhi's t.fii,i.>giobiuoui.'ier. solvcd blood ovcr Into 

the water compartment, 
or over the side of the cell. If the reading is made promptly the 
cover-glass need not be used, but after an exposure of 10-1."> minutes 
the oxidizing action of the air may darken the blood and increase the 
reading 10-15 percent. 

The reading umat be done in a dark room by means of candle- 
or gaelight. The colors do not match in daylight. The best results 
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are obtained by placing the candle about eighteen inches from the 
stand, and by looking through an improvized paper tube which ex- 
actly fits the cell. With low percentages of Hb a very dim light is 
essential. When the cell is in place, and the light adjusted, the 
wedge is moved with quick rather than gradual turns until the color 
of the glass exactly matches that of the dissolved blood, when the 
percentage of Hb may be read on the scale. Several expedients are 
employed to assist the eye in the comparison of colors. It is well 
to relieve one eye with the other so as not to exhaust the color sense. 
The strength of the light may be varied by altering its distance, but 
the faintest distinct light is usually found to be the best. Two or 
three readings should always be made and the average taken. As the 
graduation of the instrument is more accurate and the matching of 
colors more exact in the middle of the scale, it is advisable to use a 
double quantity of blood when dealing with low percentages of Hb. 

(c) LimitationB of Fleischl's Instrument. — ^With considerable experi- 
ence and constant care Fleischl's instrument yields results which are 
sufficiently accurate for most clinical purposes. One cannot attach 
any significance, however, to a variation of five percent, within which 
figure the ordinary error ought to be limited. 

All the causes of error mentioned as affecting the number of red 
cells may also disturb the percentage of Hb in the blood drop. In 
the procedure the principal difficulties relate to the even filling of the 
tube, the thorough cleaning of the tube, the overflow of blood solu- 
tion into the adjoining chamber, the proper adjustment and regulation 
of the light, and the accurate matching of colors. 

The chief sources of error in this method probably lie in the con- 
struction of the instrument. It is a common experience to find that 
different instruments give different results with the same specimen of 
blood, which Limbeck satisfied himself were referable principally to 
differences in the glass wedges. 

The writer tested his own blood with 16 different instruments, two 
of which were old (1892), the others of more recent importation 
(1897). With the two old instruments the Hb registered 87 percent 
and 90 percent; with the newer instruments it varied between 97 
percent and 105 percent, except with one which gave 85 percent 
with different cells and different capillary tubes. The colored wedge 
with this instrument was broader and darker than usual, and when it 
was replaced by another wedge the instrument registered 100 per- 
cent vrith the same specimen. The error attributable to variations in 
different tubes and cells the writer finds is seldom greater than five per- 
cent among the newer instruments. Many old instruments read 10--15 
percent lower than normal. 

The possible combination of these various defects in construction 
renders it desirable that one should test every new instrument for him- 
self using the blood of five or six healthy subjects. The newer in- 
struments will not be found to require much correction. 

MieBcher's Modification of Fleischl's Hemoglobinometer. — 
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Mtescher'a improvemeola haw removed some important defeots in 
Fleischl's instrument, and aa it now stands the improved hemoglobin- 
ometcr yields results that leave little to l>e desired in |>o!nt of wcancj. 

With this apparatus the blowl is diluted liy meiiuB of a gradtiated 
pipette very similar to that of Thoma, but yielding dilutions of 1—200, 
1-300, and U400, according as the tube' is filled with blood to the 
mark \, ^, or j. 

Two cells are provided, one with a depth of 15 mm., the other with 
a depth of 1^ mm,, the jjercentage of lib being obtained with the 
deeper cell, and the other being used as a control specimen and giving 
only j (i|) of the actual jwrcentage of Hb, 

These oells have a jir'tjirlini) juirlitinn dividing the compartments. 
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along which a grooved cover-glas.'^, D, may be slid, without fear of mix- 
ing the blood and water. I f an excess of the blood eolutjon overflows 
the side of the nell during the adjustment of the cover, no harm results 
as the blood k alrt-udy propi-rly diluted in the pipette, and the depth 
in the otiamlwr will always be \'y mm. (or 12). These changes add 
very much to the facility and precision of the method. 

Finally, the cells are covered with diaphragms traniimitting a ray of 
light which includes only three degrees on the sctde, thus giving prac* 
tically a single color of the wedge for compariaon with the blood. 

hi the prixriluri-. the binod is diluted in the piftclte as with the 
hematoortometer, the diluting fluid being distilled water, or n filtered 1- 
))errent solutiim of sodium earlmnatc. AAer slinking and clearing tliv 
tube of diluent, one chamber in each cell is filled with diluted bh 
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the opposite chamber with distilled water, and cover-glasses and dia- 
phragms are adjusted. Using a small candle and shielding the eyes 
from light, the readings with the two cells are carefully taken. The 
reading with the small cell should be ^ that with the larger. If there 
is any variation one reading may be used to correct the other. For 
example, suppose the readings to be : 

For the larger chamber (15 mm.) 64.0 

For the smaller chamber (12 mm.) 50. 

If the first reading were absolutely correct the second reading should 
have been 51.2, since 64 x |^ = 51.2. Or, assuming the second to 
be correct, the first should have been 62.5, since 50 x J = 62.5. The 
mean of 64 and 62.5, i. e., 63.25, should be taken as the true value. 

If the original dilution was 1-200, the percentage of Hb is 63.25, 
the corrected result with the larger cell, but if the dilution has been 
1-300, this result must be multiplied by 1 J, or if 1-400, by 2. 

The technical difficulties of this method are so slight and the results 
so accurate that the instrument may be recommended over any other 
yet devised for this purpose. 

Oliver's Hemoglobinometer. — ^This instrument is constructed on 
the excellent principle of the tintometer, which is extensively used in 
various arts and industries. 

It consists of a series of six red glass discs, (a), mounted upon white 
plaster mirrors in convenient frames. These discs represent the colors 
of twelve solutions of blood containing twelve different proportions of 
Hb. Two sets of discs are made, one for reading in daylight, the 
other for candlelight. The latter give more accurate results and 
should be chosen. The intermediate percentages of Hb are secured 
by means of •* riders '' of colored glass to be placed over the discs, and 
which represent respectively 2^ and 5 percent of Hb in the upper 
half of the scale, but twice that amount in the lower half. The discs 
are graded according to the specific dilution-curve of Hb. 

The blood is measured in an automatic pipette, c, and diluted in a 
cell, ty provided with a white, plaster, glass-covered bottom, and blue 
glass cover, which facilitates the reading. The blood is washed from 
the tube by means of a pipette, d, with rubber nozzle. The tube may 
be cleaned by means of a thread and needle. 

Procedure. — ^The capillary tube is filled by touching it to the blood- 
drop, and the blood is washed into the cell by attaching the rubber 
nozzle of the pipette, filled with distilled water, taking care not to as- 
pirate any blood into the pipette. The handle of the tube is then used 
to mix the blood, and water is carefully added till the cell is level full. 
The cover is then applied and should inclose a minute air bubble show- 
ing that the chamber has not been overfilled. The comparison of 
colors should be made by candlelight, the candle being placed at a 
convenient distance from the discs, and the eye shielded by means of a 
hood or paper tube. Oliver uses a special camera with green-glass 
eye-piece. If the color of the specimen matehes any one of the discs the 
is completed. If it does not, the discs may be varied by using the 
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"riders," adding a clear glass disc to tlic s{)ccimeu to compensa 
the thickoeea of the " rider." 

Oliver's iiiBtniment presents tlie advantage nf a cnmparisnn ^ 




single eolor insteatl nf with a seale of 10 jiercent +, as in FleisthlV. 
This difScuIty is slight, however, and is overcome in Miescher's nnxli- 
fication of Fleisobl's iii&Lrutiictit. Tlie color of Fleischl's glass wedgt- 
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varies according to the specific dilution-curve of the colored glass, 
wbivb differs from the specific dilution-curve of Hb. How serious an 
error may arise with Fleischl'a instrument from this cause has not been 
clenrly shown. It is probably not great, as it is not apparent in the 
use of Mieschcr's modificatioD in which different parts of the scale are 
employed. Yet the principle of Oliver's instrument is, In this respect, 
a distinct improvement. The technical difficulties are considerably 
less with Xliescher's bemofrlobinometer. Oliver's instrument is at 
present held nut of the market on account of its excessive price. 

Estimation of the Iron of the Blood. Jolles' Ferrometer, — Jolles 
has devised a method and designed apparatus for the estimation of the 
in>n of the blood, which is well adapted to clinical purposes. 

The apparatus is manufactured by Reichert, and full directions in 
German accompany each set. 

The procedure is as follows : 

By means of a pipette .05 cc. of blood is transferred to a platinum 
crucible, and the adherent blood washed out with a few drops of 
water. The blood is then evaporated and incinerated over a Bunsen 




flame. The ash is melted with .1 gr, water-free potassium bisulpbate, 
aatil white fumes of sulphuric anhydride cease to rise from the diah. 

Papers containing the requisite amount of potassium bisulphatc 
aiooompany the Inslriiment. After cooling, the ash is washed into cyl- 
inder C (Fig. 14) with about 5 c*. of hot distilled water which is 
added till the whole quantity is 10 cc 

In cylinder 0', 1 cc. of the standard solution of iron (.00005 gr. 
iron oxide with potassium sulphate) is measured by a pipette and 
distilled water added to the mark !0 cc. Both cylinders are now 
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SUced in the sUintl (Fig. 14), and wliun at even temperature 1 oc. of 
ilute HCI (3^ [tercent) is added to each. 
Tn cylinder C" should then be added 4 cc. of ihe solution of am- 
mouium siilplioeyanidc, and to cylinder C, about 3.5 cc., and both 
are shaken after covering the ends with glass plates. 

Cylinder C containing the blood is now filler! with sulpluioyanidc 
nntil it presenta a iH)Bitive meniscus when it is permanently covered 
and sealed by its glass plate. It may then be placed in the colorim- 
eter. In cylinder f" the aluminum float is tlion adjusted, free from 
air bubbles, and it is also placed in jiosition in the colorimeter. 

The furtlier procedure consists in lirioging the color of C to match 
that in C, when viewed from above in the colorimeter. For this pur^ 
pose Ihe flnid in C ia allowed to run out drop by drop through a stop- 
cock until the two colors are exactly 
^*"'■ l-l' alike. The comparison should bi- 

mode in daylight. When the colors 
exactly match, the height of the 
necessary column of fluid in cylinder 
C may Ijc read off and the per- 
ccntag« weight of iron determined 
by reference to a table accompany- 
ing the instrument. The Hb may 
then be found according to v. Jak- 
sch's formula, 




.1 

in which »t = the ]»ercenlage weiglit 
of metallic iron. 

In order to seetiro accurate results 
with the ferrometer it is necessarj' 
t<) observe llie same care that is re- 
(juired iu all (|uantitalivc ehemical 
analyses, raiiccially to avoid the toes 
of 6uids by sputtering from th« 
hot crucible, the use of wet aud unclean instruments, and the inclop- 
ore of air bubbles, etc. Under most conditions the Hb may be aocu- 
rately determined by means of the above formula, but from the consid- 
(•ralions mcniioneii umler "The occiirn-nce of inwi in the blood," it 
will bo seen that there may be considerable variations between the iron 
and tlie Hli-cimtimt. The ferrometer, therefore, iisuully givcf a higher 
proportion of Hb thau does Fleiachl's instrument. 



THE HISTOLOaiOAL EXAMINATION OF BLOOD. 

TIic ^jn-iit.T (Mirl of the examination of hloij<l i* conducted in dry 
stained spet-iutens. To prepare such specimens for staining one i 
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qnirefl only polished glass elides and a Bunsen gas-burner. The glass 
slicies must be thoroughly cleaned with soap and water, dried, and 
kept free from dust. 

A rather email compact drop of blood expressed from the finger tip 
under the usual precautions, is lightly scraped off with the polished 
edge of one slide and applied to one end of a second slide which 
should lie on firm support. When the blood has spread along the 
edge of the smearer it should be slowly and firmly drawn over the 
surface of the receiving slide. The drop should, if possible, be small 
enough to be exhausted in the smearing, and the thickness of the layer 
can be fully controlled by the degree of pressure. The blood should 
be pushed before the smearer and not trailed after. (See sketch.) 

Many prefer to use cover-glasses in spreading the blood. One 
polished cover-glass is touched to the drop of blood and applied to a 
second cover, all corners proJectiDg. When the blood has spread to 
the edges the cover-glasses are gently slid apart without pressure. 




Ucthod or miUng 



The cover-glasses should be handled with forceps, otherwise the mois- 
ture of the finger will often crenate many cells. 

The writer prefers to use glass slides, finding that b^inners are 
much more successful with the slides than with cover-glasses, that, 
after very little practice, every specimen can be ^read successfully ; 
that forceps are not required ; that slides may be handled and trans- 
ported without fear of breakage ; that they need not be mounted and 
therefore do not fade like cover-glass specimens which require mount- 
ing in balsam ; that they may be restained, if necessary ; and above 
all that they may safely be fixed in the free flame. 

After spreading, all specimens should be well dried in the air. They 
may then be kept for weeks if wrapped in tissue paper and kept from 
moisture, but it is better to_^ them at once. 

Kxation. 1. Heat. — In routine work one may discard all other 
methods for that of fixation in the free fiame of a Bunsen bumtr. The 
slide, specimen side up, is passed slowly through the flame until it is 
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(iMidftdly too hot for the hand to bear. At this temperature, which 
|imbably varies between 110° and 150° C. fixation is complete in one 
to two minutes. 

A little practice will give the confidence necessary to heat the slide;) 
hot enough, as one's initial failures from thig metlio<) almost alwHys 
result from incomplete fijtatioD and subsequont vacuolization of the 
red cells. Overheated slides c-uq usually be seen to change mlor in 
the flame, after which the re<I cells at&in yellowish with eosin. The 
beginner is Htron^ly reiv>mmendcd to perfect himself id this simple 
method of fixation. 

MmatJ ovftm, provided with a thermometer, are made for the fixation 
of blood slides, and may be used when many specimens are in hand, 
or when one does not care to risk the free flame. Specimens should 
Iw exjxocd 5-10 minutes to a temjterature of 110°-r20° C. 

2. Alcohol. — Fixation for lO-IJO minutes in 97-percent alcohol, or 
in equal parts of alcohol and ether, is a very reliable method, in very 
general use. Specimens may be left in alcohol for twenty-four houra, 
but do not then stain quite so well. There appears to be no advantage 
in adding ether to the alcohol, which even without mixture with the 
more volatile agent must frequently be replaced. Fixation in alcohol 
is to be specially recommended for the malarial parasite, but is unsat- 
isfactory when Khrlich's triacid stain is to be used. 

.1, Fixation by Vapon. — Specimens maybe fixed by being laid, speci- 
men wide down, over a wide-raoutlied bottle containing : 2o-percent 
formalin, tii which the exposure is five minutes, or, '2-peroent osmic 
acid, to which expose two minutes. Both these fluids have to be re- 
plaoed frequently, they considerably alter the staining relations of the 
blood cells, and are inferior to other methods of fixation. 

Methods of St&ining Dry Blood Specimens. 1. Eosis and 

Methylene -blue. — Th.' solutions required are : A saturated alcoholic 
Holutiim <jf' ICIirli.-ir- Mnod-eosin. A saturated watery solution (l-per- 
ccnt) of ^:h^lj^h's notified methylene-blue. The latter should be nt 
least one week old, as fresh solutions lack selective quality and stain 
the specimen <liiruscly. After several weeks, methylene-biue in solu- 
tion diminishes in staining power, while the alcoholic eo.-iiu absorbs 
water, and booomes less selective and more powerful. 

/n Kf/tininff, flood the specimen with eosin for a few seconds and 
wash in water. If the stain is not eflective add more eosin, but the 
water on the slide dilutes the alcohol and renders the second applica- 
tion of eosin much more powerful than the first. Next, flood the 
speeimcn rci>cate<lly for one minute with methylene-blue, wash hastily 
in water, and dry. 

This mctluxl may Iw recommended for all ordinary examinations. 

The blood is stained as shown in Plate II., n-udily distinguishing the 

forms of normal leucocytes. It does not stain neutrophile 

« in leucocytes unless the action of t\>sin lia.s been pnilonged, 

h case the neutrophile leucocytes can be distinguished from the 

"e only by the size of the granules. Its chief advantage is 
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the clear differentiation of basophilic leucocytes and of nuclear struc- 
tures. It clearly demonstrates the malarial parasite but in this field 
is greatly inferior to Nocht's method. Its chief disadvantage is the 
danger of overstaining with eosin which prevents the full action of 
methylene-blue. 

2. Ehrlich'8 Triacid Mixture. — ^This agent has the following com- 
position : 

Sat. watery sol., Orange G 120-135 cc 

Acid Fuchsine. 80-165 

Methjl-green 125 

To theee add Aqua 300 

Absolute alcohol 200 

Glycerine 100 

The attempt to prepare this mixture is not always successful. The 
smaller quantities of orange G, and acid fuchsine are best employed^ 
and the solution of methyl-green^ well seasoned, should be added 
slowly, with stirring, to the mixture of the other dyes. The water 
should be added next, then the alcohol, and finally the glycerin, with 
constant stirring. After standing one week the mixture is ready for use. 
Grubler's preparation of this mixture is in the market and is reliable. 

In staining^ it is only necessary to flood the specimen with the dye 
for one to two minuted, and wash hastily in water. It cannot over- 
stain, but overheated specimens are usually faint, and the red cells 
are yellowish. It stains neutrophile and eosinophile granules deep 
red, the latter being distinguished by their size. It is therefore indis- 
pensable in the diagnosis of leukemia. It is a poor nuclear stain, fails 
to demonstrate the structure of normal mononuclear leucocytes, and 
does not stain the malarial parasite. 

On account of the uniformity of its results many prefer it to eosin 
and methylene-blue as a routine method. 

3. Demonstration of " Mast-cells." — The large basophilic granules 
of these cells retain basic dyes with tenacity, and may be demonstrated 
by a mixture of one of these dyes, with a strong decolorizer, which 
removes the stain from most other basophile structures. Ehrlich's 
dahlia solution is adapted to this purpose : 

Abe. alcohol 50 cc. 

Glacial acetic acid 12.5 cc. 

Distilled water 100. cc. 

Add dahlia to saturation. 

Stain several hours, wash in water, decolorize in alcohol or more 
rapidly in 20-percent Ac, till the nuclei fade, and wash in water. 
The nuclei of leucocytes are then very pale blue, the mast-cell granules 
very dark blue or black. 

ESTIMATION OF THE SPEOIFIO QBAVITY OF THE BLOOD. 

Hftmmerschlag^S Method is the most practical of the various 

indirect procedures devised for this purpose. A small urino- 

meter of suitable dimensions is partly filled with a mixture of chloro- 

4 : /. 
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form (s. g. 1.526) and benzine (s. g. .889), of a gravity of about 1.060. 
By means of a pipette, such as the red cell mixer of Thoma, a drop of 
blood, expressed with the usual precautions, is transferred to the fluid. 
In expelling the blood the tip of the pipette should be submerged 
and no air should be allowed to pass out with the blood. The drop 
should not be very minute in size and should float on the fluid. If it 
is allowed to sink, it will often be lost by spreading out on the bottom 
of the vessel. By adding chloroform or benzine, drop by drop, as 
required, and carefully mixing by inverting the urinometer closed by 
the palm, a mixture is secured in which the drop neither rises nor 
sinks, but which is of exactly the same density as the blood. The 
specific gravity of the mixture, and of the blood, may then be taken 
as with urine. The urinometer should be graduated up to 1,065, and 
should be tested in distilled water at 60^ F. The apparatus should 
be clean and perfectly dry. The mixture may be filtered and used 
repeatedly. 

Great accuracy can hardly be expected from this method yet it is 
sufficiently reliable for clinical purposes. Errors arise from changes 
in the blood drop during and after its transfer to the mixture, from 
evaporation, from the escape of gases, from the inclosure or adherence 
of minute air bubbles, and perhaps also from the possible action of 
chloroform and benzine upon the blood which is at present an unknown 
factor. Accordingly, Hammerschlag's method gives a uniformly 
higher gravity than is obtained by more accurate direct estimates. 
Practically, in performing the test one finds that the behavior of the 
drops varies, for reasons which are not clear, some rising and others 
falling in the same mixture. A large drop should be secured and fol- 
lowed in the test. 

Since the specific gravity of the blood in simple anemia varies 
principally with the Hb, the percentage of Hb may in many cases be 
calculated with considerable accuracy from the specific gravity. Hani- 
merschlag has prepared the following table showing the relation of Hb 
to the specific gravity as determined by his method : 

Speciflc (iniTltj'. m>. 

10:i3-1035 25-30 percent. 

10:y>-10.H8 30 35 ** 

1038-1040 36-40 " 

1040-1045 40-45 ** 

104.5-1048 45-65 ** 

104H-1O50 65-66 ** 

1050-1053 65-70 ** 

ia53-1055 70-75 " 

1055-1057 75-86 ** 

1057-1060 85-95 ** 

The suggestion that Fleischl's hemoglobinometer be discarded for this 
indirect method of estimating Hb has not found favor. The changes 
in the plasma in severe anemia, leukemia, dropsy, and diarrheal dis- 
eases, renders this practice always unscientific and frequently very un- 
reliable. (Cf. Siegel, and Stintzing and Guroprccht.) 
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Schmaltz' Method. — A thin- walled capillary glass tube is prepared^ 
about 12 mm. in length, and of a calibre of about f mm. at the ends and 
1^ mm. at the middle. This is thoroughly cleaned, dried and weighed 
before and after filling with distilled water. After drying with ether 
the tube is filled with blood and again weighed. The weight of the 
blood divided by that of the water gives the specific gravity of the 

former. 

Fig. 16. 



Capillary glass tube adapted to Tarious details of blood analysis. 

This is the best of the methods requiring a small quantity of blood, 
and in experienced hands gives more accurate results than Hammer- 
sehlag's method. It is to be especially recommended in experimental 
and laboratory work, but usually requires too much blood for its adop- 
tion as a routine clinical method, although the quantity required, two 
drops, is not great. The chief sources of error are in the difficulty of 
thoroughly cleaning the tube, and inaccuracy in the use of the scales. 
Schmaltz found by controlling his results by the use of salt solutions 
of known density that the error did not exceed .003 in the computed 
gravities. 

Comparing the percentage of Hb obtained by Fleischl's method 
with the specific gravity obtained by his own method. Schmaltz con- 
structed the following table : 



Specific GraTity. Hb. 

1030 20 percent dr 

1036 30 

1038 36 

1041 40 

1042.6 46 

1046.5 60 

1048 66 



(I 

u 



Specific Gravity. Hb. 

1049 60 percent. 

1051 65 

1052 70 

ia53.5 75 

1056 80 

1057.5 90 

1059 100 






ESTIMATION OF THE ALKALESCENCE OF THE BLOOD. 

The determination of the alkalescence of the blood is attended with 
very great practical difficulties. This alkalescence being referable to 
the presence of carbonates, bicarbonates, and of albumens which are 
retained in solution by acid phosphates, it is always difficult to judge 
of the changes in these principles and the consequent variations in re- 
action produced by the procedures required in alkalimetry. If serum 
alone is titrated, the alkaline principles of the clot are left out of ac- 
count, and if " laked " blood is employed, there is an uncertain factor 
in the chemical changes produced, especially in the delicately balanced 
albumens and phosphates, during the solution of red cells. 

Nevertheless it appears from a considerable number of painstaking 
studies by Landois, v. Jaksch, Kraus, Tausczk, Lowy, Schultz- 
Schultzenstein, Limbeck, and many others, that in blood and in 
serum there is a &irly constant group of alkaline principles which 
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may be rather accurately measured and wliieb have a distinct and im- 
portant relation to disease (ef. Bhxxl in Fever). 

Four of the tuaay methods empluye«l mny be recommended as most 
reliable. 

1. LoWf's Method. — In a fiO-cc. flask eontainiug 4o cc. of 'i-|>er- 
oent solution of ammouluni oxalate, 5 cc. or less of fresh blixKl ai* 
accurately measured, and dis3oIve<). 

Of the solution 5 cc. are titrated by means of a ^'g normal solution 
of tartaric acid, using litmus {>aper ns an indicator. The latter may 
be prepared by soaking prepared paper in an alcoholic solutiou of 
litmus to which dilute HC'I has been added till n violet color appearn. 
The end reaction is obtained by adding n drop of blood solution to 
the paper and closely inspecting the c<iIor of the outer zone into whicli 
the fluid diffuses. The result is not aSeoted by changes in temperatures. 

Engel'i AlkjJlmetor. — Engel has devised an ap|)aratus for the clin- 
ical cstimatiou of alkalinity according to Lowy's method. A large 
drop of blood is drawn into a sjiecial pipette up to the mark 0.05 and 
diluted with distilled water to the mark 5.0. Aller shakiujr, the dis- 
solved blood is discharged into a glass cylinder and titrated by J^ 
normal solution of tartaric acid (ac. tartar. 1 gr., aq. dest. 1 1.). Tte 




teid is added drop by drop until a distinct red zone appears when a 
drop of bltmd is allowed to diffuse through litmus paper. In normal 
blood about 10 drops of acid bring the end reaction. 

Oyinputatian. — ■It". 4 cc, of acid are required to neutralize ,0o oc, of 
blood, 8 cc. of acid will be nH{nired to neutralize 1 cc. of blood. One 
cubic oentimeter of ^^ normal tartaric acid neutralizes .533 mg. NaOIi 
(Engel), so that 8 cc. of acid solution indicate tlie presence in 1 cc. (|* 
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blood of 4.264 mg. of NaOH, to which terms the alkalinity of the 
blood is usually reduced. 

2. Method of Schnltz-Schidtzeiistem. — By means of the pipette 
of the Fleischl hemoglobinometer, 5 or 7.5 mg. of blood are measured^ 
which is dissolved in 12 cc. of distilled water. This is acidified by 
adding 1.5 cc. -^i^ normal HjSO^. After careful mixing a drop or 
two of ethereal solution of erythrosin is added as an indicator and the 
solution titrated^ with frequent stirrings by ^^^ normal solution of 
KOH. The end reaction is shown by the first appearance of a red 
color in the supernatant ether. The test must be performed speedily, 
to avoid obscuring the end reaction by a layer of fibrin precipitated by 
the ether. 

The requirement of a very small quantity of blood renders this 
method specially suitable for clinical purposes. 

3. V. Limbeck's Method.— To about 200 cc. of boiled distilled 
water are added 5 cc. decinormal HCl solution, and drop by drop, with 
stirring, 5 cc. of aei'um spontaneously expressed from a clot. The stir- 
ring rod should be covered with black gutta percha. The resulting 
clear and slightly opalescent fluid is now titrated with deci-normal so- 
lution of NaOH. Aft«r adding a few drops a precipitate forms which 
soon dissolves. The end reaction is reached when the abundant pre- 
cipitate (of albumen) no longer dissolves, which is best determined by 
finding a flocculent precipitate persisting on the black rod. 

The same quantity (5 cc.) of fresh blood may be titrated by this 
method and the total alkalinity of the blood determined. In adding 
blood, however, it must be dropped very carefully into the hot water, 
to avoid coagulation. 

The chief technical difficulty with this method lies in detecting the 
end reaction. In case of doubt the precipitate may be dissolved by 
adding 1-2 cc. of acid, as above, aud titrating as before. 

There is also the objection that it takes no account of the alkalinity 
referable to albumens. Limbeck doubts, however, if the capacity of 
albumens to neutralize acids ever comes into action in the body, and 
argues that his method estimates exactly, without regard to the quan- 
tity of albumen, the alkalinity of the salts present in the blood. 

4. Wright has devised and extensively used one of the most 
practical clinical methods of estimating the alkalinity of the blood for 
the full explanation of which the reader should consult the original 
description. 

Determination of the Coagulability of the Blood. 

Vierordt and Wright have employed methods of determining the 
coagulability of the blood the results from which do not appear to be 
sufficiently accurate even for clinical purposes. (Limbeck.) 

Estimation of the Osmotic Tension of the Plasma. 

Although comparatively little attention is usually paid to the osmotic 
tension of the plasma, it is evident from the frequent occurrence of 
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hemoglobinemia in varlouB forms of severe anemia, malarial and espe- 
cially hemoglobin uric fever, jaundice, acute poiaouings, etc., Ihst the 
condition of the blood in this respect is of prime importance ia the 
clinical and pathological study of these diseases. Id Hnmmrrachlaff'B 
meShod we possess ready and very exact meaus of investigating this 
problem. 

In a seriea of test tubes are poured small quantities, accurately 
measured, of the serum to be examined, and to each is ndde<l an in- 
creasing quantity of distilled water. The surface of the mixed fluids 
in each tube is then touched with a pipette holding a very little normal 
blood, and the tubes are allowed to stand twelve hours. By that time 
the cells have settled to the bottom in some tnl>cs, while in others the 
Bupcniatant fluid is tinged with dissolved Hb, and one note!) tliat tube 
in which the first traces of Hb appear. Normal red blood-oells begin 
to lose tlieir Hb in solutions of salt containing any less than .46 per- 
cent of NaCI. Estimated in terms of NaCl that tube of the series 
which shows the first faint traces of dissolved Hb, therefore shows the 
same osmotic tension as a .46-pcrccnt solution of salt. The dilution 
)>eing known the tension of the original serum can be computed as fol- 
lows : Suppose that to 1 cc. of serum .f) cc. of water added, caused the 
eiilutioD of Hb. Then the leusion of the original serum ia equivalai^ ■ 
to 1 + .9 X .46 = .874 percent of NaCl. M 

Bremer'a Speciflo Reaction of Diabetic Blood. 

Saturated watery solutions of eosin (watery ?) and of mothylene- 
blue are mixed in about equal pro|>ortion8 so tlial a neutral reaction is 
obtained, and the mixture produces little or uo stain on litmus paper. 
A precipitate forms, soluble in alcohol, insoluble in water, which is 
filtered, washed, drie<l, and powdered. To 24 parts of this powder 
are added six of powdered metbylene-blue and one of cosin. Of this 
mixed reddish brown powder .n2.j to .05 grm. are dissolved in 10 ec. 
of 33-pcrc«nt alcohol, in which solution the specimen is stained for 
four minutes. 

The specimen.^ are prepared by smearing the blood on j^losa slides 
or covers, and fixed by boiling in equal parts of alcohol and other for 
four minutes. This may be accomplished by placing the bottle of 
alcohol and ether in hot water at (iO° C, 

Afler washing the stained specimens iu water, diabetic blood has a 
greenish tint, while normal blood is reddish violet, and on microscop- 
ical exaininulioa the erythrocytes of diabetic blood are found to be 
greenish, while those of normal blood arc red. 

Bremer found the reaction in 50 out of 51 coses of diabetes. The 
negative result was obtained in a well -<'stabl is lied case, a boy of six- 
teen, in whom glycosuria l^gan afler an electric shock. He found 
that the reaction pensisted in the absence of glycosuria ; that normal 
blood floated on diabetic urine for 15 minutes gave the reaction ; that 
blood treated with solutions of glucose failed to give the rcaetioD ; 
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that the blood in glycosuria artificially produced in animals by phloro- 
glucin gave the reaction, while m that produced by phloridzin it did 
not. 

The nature of the reaction is not understood. While some observers 
have convinced themselves that the presence of glucose is not sufficient 
to bring about the altered staining qualities of the blood, Hartwig 
concluded that the glucose first causes a change in the Hb which 
shows itself in the altered reaction of the red cells to anilin dyes. 

Various modifications of the above most approved method have 
been employed successfully by Bremer and others. One of these, em- 
ployed by Bremer, is as follows : 1 -percent solutions of Congo red 
or of methylene-blue stain diabetic blood very slightly, while 1-per- 
cent solution of Biebrich-scarlet stains it intensely. A directly op- 
posite relation holds with normal blood. Rather thick smears of blood 
should be used with this procedure, and the colors compared by the 
naked eye. 

The value of Bremer's test has been confirmed by Le Groff, Eichner 
and Folkel, Lepine and Lyonnet, James, Jeanselme, Badger, and Hart- 
wig, but similar reactions have been found in normal blood in leu- 
ksemia, Hodgkin's disease, exophthalmic goitre, and multiple neuritis. 
A partial reaction has been obtained in cachectic conditions, and Bremer 
failed to find it in a case of glycosuria of neurotic origin. Yet in 
most conditions, other than diabetes, the reaction has been found, when 
present, to be inconstant, and to -occur in a very small proportion of 
cases (Lepine, Eichner, Hartwig). 

The technical difficulties in carrying out the test are considerable, 
while a slight variation in technique appears to vitiate the result, as is 
indicated by the failures reported by Patella and Mori, after both 
Bremer's and Williamson's methods. 

Williamson finds that diabetic blood decolorizes solutions of meth- 
ylene-blue, while normal blood does not. His test is performed as fol- 
lows : 20 cmm. (2 drops) of blood are dissolved in 40 cmm. of water 
and to the solution is added 1 cc. of methylene-blue (1-6,000 solution) 
and 40 cmm. of Idquor Potassce (s. g. 1.058). The vessel is then 
placed in boiling water for four minutes ; diabetic blood decolorizes 
the solution, normal blood leaves it deep blue. Diabetic urine has the 
same effect. 

Williamson found this reaction in 6 diabetics and failed to find it in 
160 cases of other diseases, including one of leukemia. 

Demonstration of Olycogen in Blood. 

Grabritschewsky^s method may be employed. The blood smears 
thoroughly dried in the air, are stained for several minutes in : iodum 
pur. 1 ; KI, 3 ; aq., 100 ; acacia pulv. in excess. 

The presence of glycogen is indicated by the appearance of mahog- 
any-brown granules of variable size, in leucocytes and plasma. (See 
Plate X., Fig. 2.) 
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Czeniy claimed that ibis mctliod demonstrates the presence in die 
blood not of glycogen but of a carlxthydrate more nearly related lo 
amyloid. Uuppert's later studios on the blood of animals support tbe 
belief tbat the substance thus demonstrated is really glycogen. 

It is probable that many colorless globules visible in leucocytes 
treated by ordinary staining methods are referable to the former pres- 
ence of glycogen, which is soluble in water and of which the reactions 
«re largely destroyed by heat. 



DemonstratioD of Tat in the Blood. 



The blootl smear is fixed in 1-percent osmic acid for 24 hours 
oounterstained with eosin. The fut particles are tlien stained black. 
Since all that blackens under osmic acid is not fat, a control prepara- 
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tjon should be fixed 24 hours in alcohol and ether, then in 1-percent 
osmic acid for 24 hours, couoterstained with eosin, and the extraction 
of the fat by ether demonstrated by the absence of black particles in 
cells and plasma. 



Cited br CmboL 



Bibliography. 



ii br 

itcd bv LinbMk, Inuug. I>ic, 
Z«il. r. PhTuol. Chem., Bd. 10, p. 179. Z«it t. kl. Med., Bd. 24, 
PlIligiT'iAnhiT, It<i. ,M, ].. 151. 



J 



BIBLIOOBAPHT. 57 

Biixy Hedm. Scand. Arch. f. PhTsiol., 1890, p. 134. 

Brandenbury. Muiich. med. Woch., 1900, p. 183. 

Bremer. N. Y. Med. Jour.; Vol. 63, p. 301. Ibid., Vol. 66, p. 808. Cent. f. inn. 
Med., 1897, p. 521. 

Bunixen. Virchow-Hirsch, Jahresb., 1879. 

Chenm. Compt. Bend. Acad. Sci., 1895, Vol. 121, p. 314. 

ChlmheifiL Vorles. u. Allg. Pathol., Berlin, 1882, Bd. I., p. 397. 

Chkntleiny ZwUx, Pfluger's Archiv, 1888, Bd. 42. 

Caemy, Archiv f. exp. Path. a. Pharm., Bd. 34, p. 268. Ibid., Bd. 31, p. 190. 

DaiatuL Fort. d. med., 1891, No. 21. 

mxhclz, Wien. klin. Woch., 1894, No. 32. 

Engd. BerL klin. Woch., 1898, p. 308. 

Eiehner, Folkei, Wien. klin. Woch., 1897, p. 1103. 

Buekman, Arch. f. ses. Phjsiol., 1895, Bd. 40, p. 340. 

CfabriUehewsku, Arch. f. exper. Path., Bd. 28, p. 272. 

Gartner, Alig. Wiener mea. Zeit, 1892, p. 513. 

Gartner, Bomer, Wien. klin. Woch., 1892, No. 2. 

GrawUx, Zeit. f. kiln. Med., Bd. 21, Bd. 22. Methodik d. kl. Blutuntersach, Ber- 
lin, 1899. 

Hamburger. Die physiol. Kochsalzlos. u. d. Volnmbestimmnng d. korperl. Ele- 
mente im Blnte. Cent. f. Physiol., 1893, 1894, p. 656. Virchow's Archiv, Bd. 141, 
p. 230. 

Hammertehlag. Wien. klin. Woch., 1890, p. 1018. 

Hartwig. Deut Arch. klin. Med., Bd. 62, p. 287. 

Hedin. Arch. f. gee. Physiol., Bd. 40, p. 360. 

Heidenhain. Versnch. zur Lehre von der Lymphbildong, Pfliiger's Archiv, 1891, 
Bd. 49, p. 209. 

Heieuer. Arbeit, aus d. path. Instit. zu Miinchen, 1886, p. 322. 

Huppert. Zeit. f. Physiol. Chem., Bd. 18, p. 144. 

Ja^ij M. P. N. Y. Med. Record, 1898, I., p. 933. 

V. Jakaeh. Zeit. f. klin. Med., Bd. 13. 

Klein. Volkmann's Vortrage, No. 29. 

Knoffdmaeher. Wien. klin. Woch., 1893, pp. 810, 886. 

KrauB. Arch. f. exper. Path., Bd. 26, p. 186. 

Landois. Text-book of Physiol., 1893. 

Lejpine, Lyonnet. Lyon Med., T. 82, p. 187. 

Z/e Goff. React, chrom. du sang diabet, Paris, 1897. 

Leiehtenttem, Unters. n. d. Hemoglobingehalt d. Blutes, Leipzig, 1878, p. 57. 

V. Lester, Sitzungsber. d. k. Sachs. Gesell. d. Wissenschaften, 1873, p. 573 ; 1874, 
p. 163. Du Bois-Reymond's Archiv, 1878, p. 41. 

von Limbeek. Grundriss einer klin. Path. d. Blutes, Jena, 1897, p. 68. 

LUnfd Jones. Journal of Physiol., 1887, viii. 

Lomt. Studien z. Phys. u. Path. d. Blutes, etc, Jena, 1892. 

Lowy. Pfliiger's Archiv, Bd. 58, p. 462. Cent f. med. Wissen., 1894, p. 785. 
Fort. d. Med., 1898, p. 171. 

Ludwig. Cited by Lukjanow. 

Lukjanow. Grundzuffe ein. allg. Path, des Gefass-systems, Leipzig, 1894. 

Luan. Thama. Virchow's Archiv, Bd. 84, p. 131. 

MiUheU. Amer. Jour. Med. Sci., Vol. 107, p. 502. 

MvUer, Rieder. Deut Arch. klin. Med., Bd. 48, p. 96. 

Oertel. Klinische Zeit- u. Streitfragen, Wien, 1889. 

PateUa, Mori. Gaz. deg. Osped., 1896, IL, p. 1441. 

.Pnoper, Sten^ Cong. f. inn. Med., 1896, p. 631. 
jeiffer. Ibid., 1895, No. 4. 
dnert. Zahlung der Blutkorp, Leipdc, 1891. 

V. Reeklinghttusen. Handb. der allg. Path. d. Kreislaufs u. der Emahrung, Stutt- 
gart, 1883, p. 179. 

SchmaltL Arch. f. klin. Med., Bd. 47, p. 145. 

SchvIts-SehuUzenstein. Cent f. med. Wissen., 1894, p. 801. 

Siegd. Wien. klin. Woch., 1891, No. 33. 

Stintzing, GumpreckL Deut Arch. f. klin. Med., Bd. 53, p. 265. 

Tawezk. Ungar. Arch. f. Med., 1895, p. 359. 

Thaver. Johns Hopkins Hoep. Bulletin, 1893, p. 37. 

ThibaMU. Bull. Acad. Med. Bruxelles, 1894, p. 112. 

Valentin. Reportor. f. Anat u. Physiol., 1838, Bd. 3, p, 281. 



58 GENERAL PHYSIOLOOT AND PATHOLOGY. 

ViewrdL Arch. f. Heilk., 1878, Bd. 19, p. 193. Wagner's Handb. d. PhysioL 
1842, Bd. 1, p. 84. 

Wenddttadl, Bleibireu. Zeit. f. klin. Med., Bd. 25, p. 204. 

Wiek, Wien. med. Zeit, 1887. 

WirUemiiM, Cent klin. Med., 1893, Bd. 14, p. 177, 1017. 

Worm-MuUer, Transfusion u. Plethora, Christiania, 1875. 

Wright. Lancet, 1897, XL, pp. 719, 814, 833. 'Lancet, 1892, I., pp. 457, 515. 

Zapperi, Zeit f. klin. Med., Bd. 23, p. 227. 



CHAPTER 11. 

CHEMISTRY OF THE BLOOD. 

THE OHEMIOAL COMPOSITION OF RED BLOOD CELLS. 

In the analyses of Schmidt^ Hoppe-Seyler, and Judell, the red cells 
were separated from the serum by the addition of salts (Na^SO^, NaCl), 
a procedure which considerably alters the chemical composition of cells 
and plasma. The accuracy of their results, which are the best avail- 
able, is therefore only approximate. 

The specific gravity of red cells is usually about 1.088. They con- 
tain about 90 percent of oxyhemoglobin and a small proportion of a 
globulin-like albumen (nucleo-proteid) coagulating at 75° C. There 
are also traces of lecithin and cholesterin. The principal salts are 
phosphates of Na, K, Ca, and Mg, and chloride of K, whereas in the 
serum the chief salt is NaCl. 

In cholera; dysentery, and dropsy, Schmidt found the red cells to 
be of increased specific gravity in proportion to the duration of the 
exudative process, while their chemical analysis showed that they par- 
ticipate in the changes which first affect the serum, losing first water, 
then salts, and finally albumen. More recently, v. Jaksch,^ after es- 
tablishing the normal content in N of the red cells, followed the varia- 
tions in this principle in various diseases. He found very marked 
and irr^ular variations both in health and disease, which indicate that 
the method used (determination of total N) was unreliable. 

Biernacki, estimating the dry residue of red cells settled after the 
addition of sodium oxalate, found a nonnal residue of 29.28-30 per- 
cent ; in carcinoma of esophagus 27.9 percent ; in tabes with anemia, 
25.51 percent ; in chlorosis (Hb 25 percent) 22.24 percent ; in chronic 
nephritis (Hb 20 percent) 22.88 percent. Among the important ob- 
servations of Biernacki's are, the increased content in water of the red 
cells in hydremia ; the general parallelism between PjO^, Fe, and K, 
and between water and NaCl, in the red cells. 

Hemoglobin (Hb) and its Derivatives. 

Hemoglobin belongs to the group of proteids, containing about 96 
percent of albumen, and 4 percent of an iron-holding pigment, hemo- 
chromogen. Hb exists in the red cells in combination probably 
with the nucleo-proteid of the stroma. The nature of this union is not 
certainly understood, but it renders Hb comparatively insoluble, 
greatly concentrated, and capable of actively forming unstable com- 
pounds with oxygen. (Hoppe-Seyler, Gramgee.) 
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Its chemical composition is very complex and apparently' variable, 
but its spectroscopic relaliona are constant. In the circulation it exists 
principally as redured lib in the veins, and in molecular union with 
oxygen as oxyhemoe/lnbin, in the arteries. One gram of saturated oxy- 
hemoglobin yields about 1.16 cc, of oxygen, but in the circulation tJie 
degree of saturation with oxygen varies and in health is never com- 
plete, Meyer and Biarnes found in the iirterial blood of a dog 76 per- 
cent of satumtion with oxygen ; after a lai^e hemorrhage it rose to 
85 percent of saturation, while after inducing CO poisoning it rose 
to 90 percent. Limbeck found 97 percent of saturation with oxy- 
gen in the blood of a dog poisoned with potassium chlorate. It thus 
appears that with a relative loss of functionating Hb, the demands of 
the system may cause a more complete saturation of the blood with 
oxygen than exists in health. 

OxviIEMOfiUJBiN is bright red in color, and forms with difficulty 
yellowish-red rhombic crystals. These crystals are very soluble io 
water and in very dilute solutions of alkaline carbonates, but when 
treated with strong alcohol they are modified and become insoluble 
(parhemoglobin of Xencki). They are insoluble in etber, chloroform, 
benzol, or c^rlmn disulphide. Oxyhemoglobin is absolutely non-dif- 
fusible. (Oamgeo.) 

HEUOOixiniN (Kedvced Hb) is dichroitic. In thick layers, or in 
thin layers of concentrated solutions, it presents a dark cherry-re<l 
color, while very dilute solutions exhibit a green tint. (Gamgee.) This 
dichroism is characteristic of the blood of simple asphyxia. Reduced 
Hb is more solnblc but less easily crystallizable than oxyhemoglobin. 

Methkmocjixjbis is brownish red in color, readily soluble in water, 
and cr}-etalliEes in brownish red needles, prisms, and hexagonal plates. 
It contains the same proportion of oxygen as oxyhemoglobin, but in 
much firmer and ]>nibably in chemical union. Methemoglobin is 
found in the blood chiefly in cases of jmisoning by a variety of sub- 
stanoes, the so-called " blood poisons." TschirkoS* claims to have 
found it in Addison's disease, and Ruytcr has recognized a vor}' similar 
but not identical coloring-matter in a case of malignant oedema. 

Hrmoolouixf:mia, a solution of Hb in the plasma, a Dormal con- 
dition in the blood of some vertebrates, is in man always pathological, 
and results from Icssi-ncd resistance on the part of the red cells, and 
from abunrtnal slates of the plasma. The former condition is probably 
concerned in cases of jiarnxj-smal hemoglobinemia and in the destruc- 
tion of blood which follows general burnfi (Licbtbeim, Murn, Chvostek, 
Silbennmi), while the latter condition exists in the hemoglobinemia of 
acute poitnonings and in coses referable to increased globulicidal power 
of the aenim. 

C'ARBOXic u;cii>F. Uii is a firm compound of Hb and CO, and im- 
parts a bluish red or rose-red color to the blood. Its crrstals are 
similar to those of oxyhemoglobin but more bluish and less soluble. 
In cases of jmisoning by the inhalation of 6re-ilamp or illuminatiiig 

18, CO-IIb is formed in considerable pm]iorlion and i!k' ri'spimtorj" 
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capacity of the blood is largely destroyed. CO-Hb persists in the 
blood for several days, in cases that recover, and for a much longer 
period in fatal cases. 

Hematin, one of the advanced decomposition products of Hb, is 
a dark brown or blackish, non-crystalline solid, decomposed at 180° C. 
It is insoluble in water, dilute acids, alcohol, ether and chloroform, 
but dissolves in acidified alcohol and ether, and readily in dilute 
alkalies. It is found in old bloody transudates, in the feces where 
digestive fluids have acted upon blood, and in the urine in cases of 
arsenical poisoning. Crystals of hsemin, or the hydrochlorate of hem- 
atin, are formed in Teichmann's test. 

Hematoidin is a crystalline derivative of Hb, found in old blood 
extravasations. It crystallizes in orange-colored rhombic plates, is 
soluble in chloroform, ether, carbon disulphide, and ammonium sul- 
phide, contains no iron, and gives no absorption bands although 
absorbing most of the violet end of the spectrum. It is generally 
regarded as identical with bilirubin. 

Hemosiderin is an amorphous iron-holding product of the decom- 
position of Hb, and is abundantly found in the viscera in disease accom- 
panied by much destruction of blood. It is probable that when red 
cells are disintegrated hemosiderin is formed by the action of living 
cells upon Hb, while hematoidin originates apart from any cellular 
activities. (Perls, Thoma, Ziegler.) Hemosiderin is blackened by am- 
monium sulphide and turned blue by acidified potassium ferrocyanide. 

Melanin is a yellowish brown or black pigment produced by the 
action of the malarial parasite upon Hb. It is insoluble in water, 
alcohol, ether, chloroform, carbon disulphide, and acids in moderate 
strength, but is destroyed by heat, and is soluble in strong alkalies 
and in ammonium sulphide. It fails to yield the micro-chemical reac- 
tions of iron, and probably contains no iron. 

The term " melanin " is also loosely applied to a variety of black 
pigments occurring in the body, some of which contain iron but whose 
origin is uncertain. 

From ''antialbumid," formed by heating egg-albumin with 3-percent 
H,804 for 10 hours at 100^ C, and from hemipeptone, Chittenden and Albro 
produced black melanin, by digesting these substances with 10 -percent 
H^Of and boiling for 79 hours. The change they believe to consist in a 
process of hydrolytic cleavage. Sulphur and fatty acids were thrown off in 
the process and the melanin was found to contain C, H, N, and S. 

THE OHEMIOAL OOHPOSITION OF LEUCOCTTES. 

Attempts to determine the chemical composition of leucocytes have 
been made by analyses of leukemic blood, of pus, and of fresh lymph- 
oid tissue. In all of these it cannot be doubted that abnormal 
products were constantly present, so that the chemical composition of 
normal leucocytes cannot be learned by such methods. Probably 
Lilienfeld's analyses^ of lymphoid tissue furnish the most reliable 
data. 



In cadaveric leukemic blood various fatty acids have been isolated, 
and lecithin, a normal constituent of blood, has been found in excess. 
Glycogen has been repeatedly isolated in tJiis and other conditions. 

In fresh pus, Miescher found five different forms of albumen, an 
abundance of lecitliin, and cholesterin, phosphates of Na, K, Ca, Mg, 
Fe, and chloride of Na. 

In analyses of the thymus gland in calves Kossel and Lilienfeld 
isolated various albumens, principally niicleins, lecithin, and chole- 
sterin, besidea about 3 percent of inorganic principles. In older cells 
they believe that secondary products develop in the form of glycogen, 
protagon, and fats. 

The nuelein of Kowel is a combination of the organic nucleinic acid vhich 
contaiDB pbosphoriifl, with albumen, and in the leucocytes is found in com- 
bination with another albuminous body, higton, with which It forms nucleo- 
hieton. Under certain couditjons Kosael and Lilienfeld believe that nucle- 
inic acid becomes free in the cells, and exerls bactericidal action before and 
during phagocytosis. 

The nudeinx are bodies obtained from animal (or vegetable) cells 
after digestion with pepsin to which they are resistant. They are 
rather insoluble in water, alcohol, and ether, give the biuret and Mil- 
Ion's reactions, and acting as strong acids and uniting with bases, they 
may be identified from the basic albumens by their tinctorial qualities. 
Botled with dilute acids they yield " nuctein-boses " or xan thin-bodies ; 
or treated with alkali tliey yield albiunen and nucleinic acid. They 
are rich in phosphorus and iron. Nucleinic acid is of variable com- 
position, but that from the calPs thymus is a combination of a zantbio 
body with a complex phosphoric acid. (Hammarsten.) 



THE CHEMICAL COMPOSITION OF BLOOD PLATES. H 

Since the true nature of bUiod plates has been at least partly show^^ 
UiB chief inquiry concerning them has related lo tlieir chemical com- 
position. iJowit has strongly maintained that they are composed of 
globulin, a claim which is probably true of some of the liodies which 
appear in coagulating shed blood and which must be classed with the 
blood plates of different origins. 

Lilienfeld ' regards the substance of blood platvs as belonging to the 
niicleo-albumeus, and identifies them with the remnants of the nuclei 
of leucocytes, basing this opinion on tlieir content in phosphorus, 
their resistance to digestion by pepsin, and tlieir micro-chemical reao- 
tions. These observations may b« regarded as definitely settling the 
question of their chemical coropoaition, but do not prove their exolu- 
Bive origin from leucocytes. 



THE SERtTH. 

The Albamena of the Serum. — Blood 
ninous bodies, serum albumen and nerum 
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form 7.62 percent (Hammarsten); or 8.26 percent (Schmidt) of the 
weight of normal serum. 

The quantitative changes in these principles in disease are not usu- 
ally very marked, owing to their relatively slight diffusibility. 

From the studies of Becquerel and Rodier, Schmidt, v. Jaksch, Lim- 
beck and Pick, it has been shown that the albumens of the serum are 
<X>n8iderably diminished in severe anemias, and in nephritis or endo- 
carditis with dropsy, but that in most severe infectious diseases they 
are but slightly reduced and bear a fairly constant relation to the other 
solids of the serum. If temporarily reduced by some exudative lesion, 
as in diarrhea, dysentery, etc., they are soon replaced if the disease 
continues. 

Becquerel and Rodier, however, found the albumens much reduced 
in puerperal septicemia, and Schmidt found a marked increase in the 
concentrated blood of cholera, v. Jaksch,^ determining the total N of 
the serum, found slight variations in many acute and chronic diseases, 
but a well-marked loss in leukemia, pernicious and secondary anemia, 
and chlorosis. Limbeck, using the same method, found less marked 
changes in cases of anemia. 

The ratio of serum albumen to serum globulin, on the other hand, 
varies much more than does the total quantity of albumen in the serum. 
The normal limits are placed by Limbeck and Pick, for globulin 
16.9-58.3 percent, for albumen 61.7-83.1 percent of the total albu- 
men of the serum. When such wide limits may be found in nor- 
mal subjects it is difficult to attach much importance to very consider- 
able changes demonstrated in disease, as reported by Estelle, Hoffmann, 
Halliburton, and Mya and Viglezio. In a considerable series of ob- 
servations in various diseases Limbeck and Pick succeeded in showing 
only that serum globulin, the less diffusible principle, is less subject 
to change than is serum albumen, but they were unable to establish 
any other general rules. 

The inorganic salts of the serum include phosphates, chlorides, 
carbonates, and sulphates, but in what proportion or form the alkalies 
and earths are combined with these acids is not definitely known. 
Sodium and potassium are combined especially as neutral chlorides, 
partly as phosphates and carbonates. Pathological variations in the 
phosphates of the serum are of slight degree and importance, so far as 
is known, probably on account of their occurrence in scant quantity 
and their relative lack of diffusibility. A retention of phosphates in 
the blood of pathological grade has not been demonstrated. The 
variations in the chlorides of the serum investigated by Schmidt, 
Biemacki, and Limbeck have not been found extreme, nor of notable 
pathological import, although this principle is chiefly responsible for 
the isotonic relations of cells and serum. A high percentage of chlo- 
rides is usual in anemias. 

The speciflc gravity of the serum in disease varies slightly from 
the normal limits, 1.025-1.030. (Hammerschlag, Limbeck.) While 
Becquerel and Ilodier and Hammerschlag found the specific gravity 
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of the serum normal in chlorosis but reduced iu seoondarv ancmk, 
Limbeck found it low in both (1.0^1-3). In infectious diseases Bec- 
qiierel and Rodier found the serum of normal gra\-ity. 

The color of human serum ts yellowish with a alight greenish ftaor- 
escence, but afler a hearty meal the increased quantity of fat may yield 
a cloudy or whitish color. The coloring matter of normal human 
serum belongs tti the group of luteins or lipoohromea (Hammarnsten). 
It is extracte<l by alcohol and by ether, yields a blue color witJi iodine 
and sulphuric acid, and on spectroscopic analysis eaiises an absorption 
of the violet and part of the blue, which is unaffected by reducing or 
oxidizing agents. Icteric serum causes more complete absorption, be- 
ginning sharply iu the blue. (Liml)eck.) 

When, from lessened resistance of tlie red cells or abnormal con- 
ditions of the plasma, red cells are dissolved, the serum contains Hb 
in solution (hemoglobinemia), as occurs principally in malaria, par- 
oxysmal hemoglobinuria, septicemia, and with the blood poisons. In 
jaundice, the serum has a characteristic orange-yellow color and Inli- 
rubin is readily detected. 

The QlobuUcidal Property of Serum. — When the serum of dis- 
eased subjects is added to normal blood the red cells are often rapidly 
dissolved and the normal color of Hb is replaci'd by a greenish tint. 
On spectroscopic analysis, such a specimen shows the presence not of 
Hb but of heiiMloidin. 

Slaragliano.who first investigated this property, found marked globuUcidftl 
nr.tiou in the serum of all grades of primary anemia, leukemia, purpura, pneu- 
monia, malaria, erysipelas, typhoid fever, cirrhosis, and nephritis. Limbeck 
has noted a greenish color by the naked eye, and demonstrated hematoidin, in 
the serum of poeumonia, typhoid fever, and purpura hfrnarrkagiea. Buefaner 
demonstrated a relation of the globulicidal activity of serum and its con- 
tent in salts, finding more marked activity in serum poor in salts and Anding 
that the addition of salts dimiaishes the eSects. Buchner was also the firat 
to call attention to the close relation between the glohuHcidal and bacteri- 
cidal properties of serum. CaslelUno noted the toxic effects of the serum 
of one animal upon the blood of another, and found that they depended 
upon globulicidal and coagulativc properties. According to Mairet and 
Bosc, 10 cc. of normal human serum suffices to kill a rabbit weighing two 
pounds. Heating lo 62-53° C. or a slight addition of salt, largely inhibit 
the cougulutivo cfTeet, but only partly destroy the toxicity of serum, from 
which facts, principally, Mairet and Bosc, and Hayem, conclude that the 
toxicity of serum depends on the presence of an albuminoid body. Castel* 
ino ftnds that the globulicidal, coagulative, and general toxic propertiM 
vary uniformly in specimens of serum and all are proportionate to the con- 
en I of nuclei u. 

THE WHOLE BLOOD. 

Albumens. — The albuminoris principles of normal circulating blood 
include hem<^lobin, serum albumin, serum globulin, and fibrinogen. 
In shed blood n nucleo-protcid exists which is probably derived from 
the nuclei of leucocytes, probably also from rod cells, which combines 
with ctUcium ealta to form the fibrin-ferment, and which is ' 
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" prothrombin." Traces of albumose have been found in the blood 
in various diseases, and other nitrogenous principles, occasionally pres- 
ent and commonly reckoned with the albumens, are urea, uric acid, 
and xanthin bodies. Varying considerably with the method of deter- 
mination, the proportion in which these elements exist in the blood 
has been placed for the entire group by v. Jaksch^ at 22.62 percent ; 
by Limbeck at about 25 percent; by Schmidt at 10.82-16.63 percent. 

A relative increase of total albumen is seen, according to v. Jaksch, 
in diseases accompanied by marked loss of fluids, as in cholera and 
severe diarrhea, but an absolute increase has not been demonstrated. 
In infectious diseases the albumens are moderately reduced, even when 
the number of red cells remains normal (typhoid fever). In nephritis 
there is usually but not always a reduction. In endocarditis there is 
little change. In chlorosis, pernicious anemia, and leukemia, the total 
albumens of the blood are constantly diminished, but in secondary 
anemia the diminution usually noted sometimes fails, v. Jaksch found 
his lowest proportion, 8.46 percent, in a case of gastric cancer. 

Peptone has been demonstrated in the blood of leukemia, by Ludwig, 
V. Jaksch,' and Freund and Obermayer, and deutero-albumose by Mat- 
thes. These observations were made on blood from the cadaver. 
Devoto and Wagner, who examined blood obtained during life, both 
fidled to find peptone. The suspicion that the peptone previously 
demonstrated was of postmortem formation was followed up by v. 
Limbeck in a case of myelogenous leukemia. In the fresh blood no 
peptone was found, but in a specimen that had stood at room tempera- 
ture for forty-eight hours, albumose was demonstrated, but its exact 
character was not determined. The patient died three weeks later and 
deutero-albumose was demonstrated in the blood of the cadaver, v. 
Jaksch states that peptone (albumose ?) is found in leukemic blood 
only when eosinophile cells are abundant. Freund's observation that 
peptone is found in the blood in cases of sarcoma but not in cases of 
carcinoma, has not yet been confirmed. 

The addition of small quantities of peptone to plasma in vitro re- 
daces its content of CO^ and its coagulability, and it seems probable 
that if peptone (or albumose) exists in the circulating blood a similar 
inflaence is ei^rted, intra vitaniy by its presence. 

QoantitatiTe Estimation of Total Albumen of the Blood may be ac- 
complished by one of two methods. 

1. By precipitating the albumens by excess of alcohol, and weighing 
the dried precipitate. 

2. By estimation of total N by Kjeldahl's method and multiplying 
the result by 6.25 (v. Jaksch). 

By the first method an uncertain quantity of inorganic matter is car- 
ried down which cannot be thoroughly removed by washing, and which 
therefore disturbs the result. 

In the second method, N is derived from other principles besides 
albumens, and, as Limbeck and Pick have shown, there may be a dif- 
ference of 10-20 percent in the results of the two methods. 
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Most of the nitrogenoua principles other than albumens are soluble 
in alcohol and some of the sources of error in this method are there- 
fore removed by ewtiraating the total N of the alcoholic precipitate. 
V. Jaksch has determined that by raulliplying the percentage of N by 
6.2i), the average percentage of weight of albumen is obtained. Lim- 
beck and Pick, after investigating the ratio between N and the weight 
of albumen from which it was derived, conclmled that v, Jakscb's fig- 
ure is sufficiently reliable in the great majority of eases, but that con- 
siderable inaccuracies may result in tht^ cases of venous stasis, nephri- 
tis, and especially uremia, in which nitrogenous principles in the 
blood other than albumens are increased. 

The determination of total N by Kjeldahl's method is generally en- 
ploycd in estimating the albumens of the blood. The metliod may be 
found fully described in Halliburton, " Chem. Phys. and Path.," or 
Sutton, " Volumetric Analysis." 

Inorganic Principles of the Blood. The Blood-Asb. — After in- 
cineration of two specimens of normal blood Schmidt found .84 per- 
cent and .91 percent of ash. This (|uantity was increased to 1 per- 
cent in a case of cholera, but the relation of ash to dry residue 
remainctl normal, 3.1—3.5 percent. In tJie watery blood of nephritis, 
however, the ash was relatively mnch increased ((i.u percent). 

Chemical analyses of the blood-ash in health and disease have shown 
that pathological importance attaches principally to variations in the 
chlorides, phosphates, and the iron of the bloo<l. 

With regard to Ihe chlorides (principally NuC'l) the law has been 
established, Ibat the larger the proportion of phmua tltc ffrealtr is liit 
percfiilage of ehloriden in the blood. In pneunionia the chlorides are 
low, probably owing to diminished ingestion, and the effects of an ex- 
udative process which drains the blood of a considerable quantity of 
salts. In typhoid fever and erysipelas a reduction usually exists 
which is neither so marked nor so constant. In nearly all forms of 
anemia the proportion of chlorides is high, following the rule above 
stated. Yet Limbeck found normal proportions in two cases of 
chlorosis, which be refers to diminished salts in the red cells, and 
Biernacki refers to cases of severe anemia with normal chloridea, 
wbicli he also explains from the loss of red cells, JJccquerel and 
Rodier found considerable variations, but a normal average in chlo- 
rides in six cases of chlorosis. 

From the known influence u[>on the urinary chlorides of diminished 
ingestion of food, vomiting, diarrhea, and exudation, it appears prob- 
able tliat these factors may to some extent atfect the chlorides of the 
blood, for in many of the available analyses of the blood-ash in gen- 
eral diseases, there arc numerous contradictory results (Inben-uloeis, 
syphilis, cancer). 

The phosphates exist as neutral or alkaline salts of Na, On, Mg, in 
the plasma and in various combinations (lecithin, niidein), in the red 
and white cells. Few facts of imptirlance have been established in 
rcgartl to the variations in these principles of the blood. 
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Biemacki demonstrated a considerable diminuton of P2O5 in anemia, and 
at the same time a certain parallelism between P2O5 and K in these condi- 
tions. In leukemia, Freund and Obermayer found an increase in P2O5, and 
Na, while the K was diminished. 

The alkalies Na and K are principally combined with CI in the 
bloody but Na is united in considerable proportions as phosphates and 
carbonates. The sodium salts, being found principally in the plasma, 
are subject to marked quantitative variations, being usually increased 
in watery blood. Potassium being located chiefly in the red cells is 
diminished in most hydremic conditions, and not alone in scurvy as 
suggested by Grarrod. Sodium carbonate is probably the next most 
abundant salt of the plasma after sodium chloride, and to this salt 
mainly the plasma owes its alkalinity and its power to absorb CO^. 

Iron. — ^The iron of the blood is principally found in the hemoglo- 
bin^ a compound of albumen and iron containing, in human blood, 
about .42 percent of iron. It also occurs in traces in the plasma, 
and is found in relatively large proportion in nuclei n. (Hammarsten.) 
The percentage of iron in normal blood is placed by Limbeck, from 
the results of several analyses, between .056-.058. JoUes found vari- 
ations between .0413-.0559 percent and Hladik an average of .0425 
percent, using the ferrometer devised by the former. 

While the prirunpal depot of iron is in the Hb of the red cells j and the 
quantity of iron is closely proportionate to the percentage of Hby the 
ratio between the two is often disturbed, because all iron of the blood does 
not form colored compounds. A further discrepancy between the Hb 
percent (after Fleischl) and the iron content of the blood results 
from the presence of iron-free pigments, as the lutein of Thudicum or 
the hydrobilirubin of Maly. 

Thus Biemacki found that direct quantitative estimation always yields 
more iron than the computation from the percentage of Hb, after Fleischl. 
Sometimes twice as much iron was found as was to be expected from the Hb 
percentage. Similar results have been obtained by Jolles and Jellinek. It 
seems probable that the general introduction of a practical clinical method 
of estimating the iron of the blood may develop some new facts of interest 
in the pathology of the blood. Thus Jellinek found in a case of purpura 
hemorrhagica that iron-free pigment was apparently absorbed from extrava- 
sations, since the Hb registered 50 percent, after Fleischl, but only 88 per- 
cent as computed from the iron-content. Also in a case of malaria, imme- 
diately after a paroxysm the Hb sank 10 percent, while the iron remained 
constant. 

Estiniation of the Inorganic Principles of the Blood. — It falls outside 
the scope of the present volume to consider the details of inorganic 
qoantitative analysis of the blood. 

For the estimation of Fe, however, reference should be made to the 
clinical method and results of Jolles. This method permits the esti- 
mation of Fe within 15 minutes, and with considerable accuracy. The 
apparatus is offered by Reichert's agents in this country and is accom- 
panied by full directions for use. 

Mackie has described clinical methods of estimating Fe, and phos- 
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phoric acid, in a drop of blood, to which the reader is referred. (Iron, 
Lancet, 1898, Vol. I., p. 219; Phosphoric Acid, Lancet, 1899, Vol. 
II., p. 484.) 

Urea in the Blood. 

Urea occurs in traces in normal blood (Picard) and in increued 
quantity in fevers (Gscheidlen), and when, as in nephritis, its excretion 
by the kidneys is imperfect. In uremia Munzer found . ' 
of urea in tlic blood, but the amount is regarded as insufficient 
cause the toxic symptoms of this condition. 

Demonstratios of Urea in Blood. — v. Jakscb recommends Ibe followlBg 
procedure. 200-300 tir. of blood are precipitated with 3-4 times a« mudi 
utcohol, and after 24 boura thv precipitate is n?peatedly washed in alcohol. 
Tlie alcobol is ihen evaporated, the residue treated with nitric acid, and the 
crystalline muas, secured after sumo boura, is dried between filtir paper, 
dissolved in water, treated with barium carbonate till COj censes to form, 
dried on a water-both, and extracted with hot alcohol. On evaporation 
urea is fuuud in slender rhombic prisms. If secured in sufficiunt quantity 
the crystals may be treated with nitric acid and evaporated, when charac- 
terifltio crystals of urea nitrate form. Or the biuret test may be employed, 
dissolving the crystals in a little caustic potash, and adding a drop of dilute 
cuprie sulphate. 

Various other methods may be fuuud described in text-books of ph] 
logical chemistry, e. ~ 



Uric Acid in the Blood. 
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Scanty traces of uric acid have i)cen dcmonslratcd in normal blood. 
(Picard, Abcles.) Gurrod found .02."»-.145 percent during acute 
attacks of gout, and Salomon also found an increase in acute gout. 
V. Jaksch regards their methods as iucAact. A moderate incnrotic 
(.08 |)ercent) has been demonstrated in pneumonia and anemia (Sal- 
omon,' V. Jaksch^), in cardiac and other forms iif dyspnosu, and iu 
nephritis (v. Jaksch). Klempcrer ' and Weintraud noted moderate 
increase in leukemia (.09 percent), in nephritis (.06 percent), and 
in uremia (.19 percent), but failed to find any trace in three healthy 
subjects and in one case of pneumonia. 

Estimation of Uric Add. — Garrod took 10 cc. of serum trom 3(M6 oc. of 
coagulated blood, added 10 percent of dilute acetio acid, and obtained 
crystals of uric acid od u thr^d placed in the fluid. In blood cont^ning 
not lean than .025 per 1,000 of uric acid the thread was covered with crystals 
in 24-48 hours. These crystals should be submitted to the murexide test. 

V. Jaksch recommends the qualitaiive and quantitative estimation of uric 
acid by means of the LudwiK-^lkowski method employed in urinary anal- 
ysls. The blood is prepared for this method as follows: 100-300 ce. of 
blood are diluted 3-4 times with water, heated on the water bath till coagu- 
lation begina, when it is feebly acidified by acetic acid (s. g. 1.0336). After 
15-20 minutes it is filtered, the precipitate washed with hot water, boiled 
again alter feebly acidifying, cooled and filtered, A little sodium phosphate 
is DOW Btlded to the llltmte, which is Eben submitted to the Ludwig.Balkow- 
»ki method. For a Aill description of this method see Simon " Clinical £* 
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Olucose in the Blood. 

Normal blood always contains traces of glucose^ which may be in- 
creased by diet rich in carbohydrates^ and is diminished by muscular 
exercise and hunger. (Seegen, Chauveau and Cavazanni, v. Mering.) 
Limbeck found in the blood of two healthy subjects^ five hours after 
eating, .075 percent and .089 percent of glucose. Freund and 
Trinkler find that glucose is very considerably increased in the blood 
in cases of carcinoma, readily reducing cupric oxide when freed from 
albumens, which cannot be accomplished with the blood of any other 
disease except diabetes. In one case of cancerous cachexia Trinkler 
found .3 percent of glucose, which reaches the limit stated by Claude 
Bernard to be capable of producing diuresis. 

In diabetes the quantity of glucose in the blood is subject to great 
variations, according to the character and progress of the disease. 
Hoppe-Seyler found in one case .9 percent. 

Estimation of Glucose in the Blood. — A weighed quantity of blood is 
freed from albumen by boiling with an equal quantity of sodium sulphate 
and filtering. The precipitate is well washed and the presence and quantity 
of glucose in the filtrate determined by Fehling's solution or by poiarimetry. 
A certain amount of sugar is carried away by the precipitated albumens, and 
unless the blood is fresh, the action of the glycolytic ferment may cause 
serious error in the result. 

The presence of a glycolytic property in normal blood has long been 
known, but it has never been shown on what this property depends. 
Liepine found that it depended upon the red cells more than upon the 
plasma, and based upon its presence a theory that diabetes results from 
the diminution or absence of this glycolytic property or ferment. It 
has been shown, however, that the glycolytic power of diabetic blood 
is not distinctly inferior to that of normal blood. (Minkowski, Kraus.) 
The experiments of Se^en and of Arthus indicate that this property is 
not exerted during life, but is a cadaveric phenomenon, and that the 
extent of its action depends upon the length of time consumed in the 
examination of the specimen. 

Glycogen in the Blood. 

The long discussion regarding the feasibility of demonstrating gly- 
cogen in the blood by chemical methods has led to many contrary 
opinions but in recent years positive results have been more constant. 
(Salomon, Frerichs, Cramer, Lepine and Barral, Huppert, Czerny.) 

The microscopical test on specimens dried in the air and stained by 
iodine, after Ehrlich's suggestion, has given more uniform results. 
Gabritschewsky, using this method, found intra- and extra-cellular gly- 
cogen in the blood of both healthy and diseased persons. Extra-eel- 
bdar glycogen, in the form of fine or coarse granules (1-6 fi) he found 
to be the only form usually present in normal blood ; and it was increased 
in diseases in which intra-cellular glycogen was abundantly present. 
He states that extra-cellular glycogen is derived from the disintegra- 
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tion of leucocytes, but offers no cvideooc to pnive this very iinlikd)fi 
origin. The glycogen was found in the bodies of neutrophile leuco- 
cytes in cases of diabetes ami leukemia, and in the plaema in a con- 
siderable variety of other diseases. The results of his experiraenta, 
injecting sugar and peptone into the blood of animals, indicate timl the 
leucocytes are capable of transforming both sugar and peptone into 
glyc<^n, Livierato alsi) found extra-cellular glycogen in normal 
blood l)ut failed to discover any iu the leucocytes in diabetes. From 
bis clinical observations he concludes that the glycogen of the blood is 
increases) in febrile cjises with an active exudative lesion and with 
leucooytosis. In typhoid fever ho found only extra-cellular glycogen. 

Ciemy'a studios added considerably lo the kuowlcdge of the subject. He 
found the increase of glycogen iu exudative processed with leucocytosia. 
In the blooil of children with cachectic Icucocytosis be fouud an almoet 
vquul quantity. In 2 or 3 dogs exposed to prolonged cold he found that 
glycogen appeared in the leucocytes ador 24 hours, and persisted for seveTal 
days. From the severe disturbances of respiration followiog secliou of both 
vagi, or pneumolboraz artificially induced, as well as in severe anemia from 
liemorrhage, he found a marked increase in glycogen. An interesting in- 
quiry of Cxorny's related to the exact chemical nature of the brown staining 
granules demonstrated by iodine, a reaction common lo both glycoi;en and 
amyloid. That these brown granules are glycogen is indicated by (1) their 
reaction to iodine, <2) by the diBapt>earanceof their brownish stain on heating 
(BarfUrth), and (3) by their complete digestion by Mativu. (Czerny.) On the 
other hand, Cxerny points out that pure glycogen is soluble in water, while 
tba glycogen of leucocytes is insoluble in water (as the writer, also, has 
found), that iodine with dilute sulphuric acid colors these granules violet, 
which is the reaction of amyloid ; and nnally that in dugs suffering fWim 
prolonged suppuration whose blood continually shows abundance of '* gly- 
cogen,'' the viscera, on the other band, develop extensive amyloid changea. 
TTieae observations indicate that the brownish staining granules are not pure 
glycogou. but a comparatively insoluble compound of glycogen with some 
other substance, or else an intermediate product between glycogen and 
amyloid. 

Camiuer failed to And any glycogen in normal blood, and in disease very 
rarely found it in the plasma. He distinguished three stages of the depoeit 
Id leucocytes, (1) the presence of a light diffuse mahogany stain ; (3) the 
prCMtnce of a few isolnloil globulm ; (3) the complete transformation of the 
body of the cell into glycogen. In cases of extreme sepsis, all slagee were 
Been ; In pneumonia glycogen was ustmlly present but never in the third 
stage of lis formation ; in phthisis only the first stage was found ; and In 
rheumatism it was atisent. In cases of carcinoma it was found only when 
auppunttion occurred. In four diabetics none was found, but in a case of 
diabetic coma it was abunilnut. It was alwent in most cases of carcinoma. 
In chlorosis, iu two cases of leukemia and in secondary anemia from hemot^ 
rbnge. From ex|>erimeDtat studies, he finds that three factors are concerned 
In the glycogenic degeneration of leucocytes : (1) fever, (2) leucocytosis, (3) 
toxemia, of which the last is most potent. 

Further studies are retjnin^d to reconcile the above conflicting ob- 
aervations and to establish the clinical importance of this form of de- 
gcncrutiou ofleucocyU's. The fosjiii'Mt pa'scnce of extra-c«llnlar gly- 
cogen must at present l>e doubted, and it must l)e remenilx-red that 
otber principles such m myelin, lecithin, and amyloid, stain bruwa. 
witii iodine. 
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The Diastatic Ferment of the Blood. 

The study of the property of fresh blood to digest starch has lately 
been extended to the blood in various diseases. This property may be 
demonstrated by adding 1 cc. of blood to 50 cc. of a solution of starch, 
allowing the mixture to stand a few hours in the thermostat, when 
glucose may be demonstrated by Fehling's solution. 

Oastellino and Pracca found that 2 cc. of normal human blood added to 
50 cc. of starch solution produced .07 percent of sugar in twenty -four hours, 
at 80^ C. Arterial blood is more active than venous, and the fermentation, 
most active between 30-38° C, is inhibited at 75° C, and diminished by 
slight changes in reaction. (Cavazzani.) Cavazzani and Pracca found con- 
siderably increased fermentative power of the blood in anemia, chlorosis, 
leukemia, pneumonia, malaria, nephritis, cirrhosis, and carcinoma, while in 
other cases of these and other diseases it was diminished. 

The principal source of the diastatic ferment is placed in the red 
cells by Ti^el and Plosz, in the serum by Bial, and in the leucocytes 
by Castellino and Pracca. The last named observers find that the 
diastatic property is closely related to the globulicidal and coagulative 
power of the blood, that it increases after the blood is shed, that it is 
inhibited by the addition of nuclein, and increased by sodium sulphate 
and chloride. 

Lipemia. 

The occurrence of free fat (palmitin, stearin, olein) in the blood, 
both in health and in disease, has repeatedly been observed. While 
usually present in such small quantity as to be recovered in very small 
amounts from the ethereal extract, and recognized with difficulty by 
the microscope, it is sometimes so abundant as to give the blood a 
milky appearance. (Gumprecht.) Its physiological variaiions probably 
exceed the pathological j as it has been found very much increased in 
healthy individuals after a hearty meal. In disease its occurrence ap- 
pears to follow no general rule, so that its real pathological significance 
remains doubtful, v. Jaksch, extracting the blood with ether and 
thereby including fat, lecithin, cholesterin, and a trace of nitrogenous 
compounds, found in three cases of diabetes .05-. 16 percent, in ne- 
phritis .1-.5 percent, in typhoid fever .16 percent, and in pneumonia 
.15 percent. It has also been found in increased quantity in phthisis, 
poisoning by carbonic oxide, and in fat embolism after traumatism. 
The presence in the blood of a fat-splitting ferment (lipase) has re- 
cently been claimed by Hanriot. 

Acetonemia. Lipacidemia. 

Deichmuller and v. Jaksch, by extracting the blood with ether and 
by distillation, have isolated a principle which gives the reaction of 
acetone, and which they found increased in many processes, especially 
in fevers. Fatty acids have been found in the blood by v. Jaksch, in 
diabetic coma, leukemia, acute yellow atrophy of liver, and acute in- 
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;tiou9 diseases : ,9-oxybulyric acid, in the cadaveric hkiocl of diabetes, 
Hougoiinenq ; and sarcolactic acid, in nnrinal blood, bv Gaglio, 
Spiro, and Berliaerblati. Limbeck doubts tbe reliability of these re- 
sults, believing that fatty acids may develop from lecithin during the 
technical procedures followed in isolating these principles. 

Cholemia. 

The poisonous symptoms developed in cholemia have been refei 
by most authorities to the presence of biliary ncida. Flint's stutenii 
that cholesteriu is tlie poisonous agent has not been accepted, althoi 
it tias been found in considerable traces in icteric bloixl. 

To the naked eye, icteric blood may appear of ycllowish-rcd color, 
while in the Herum or its foam small quantities of bile pigment are 
readily dotecteil by the peculiar yellowish tinge. On repeated heating 
the yellowish-red bilirubin changes to the green hiliverdin. 

Diminished isotonic tension and increased resistance of the red cells 
area peculiar character of the blood in jaundloe. Limbeck found tbe 
tension of the cells reduced to .4, .38 and .'.i'l percent NaCl.aod that 
of the serum, .76, and .864 percent NaCI. The well-attested fact 
that in intense jaundice red cells are frequently dissfdved by biliary 

Erinciples, can, with some difEculty, be reconciled with this markedly 
yperisotonic quality of the serum. Limbeck believes that bile-acids 
affect the union of Hb with tbe stroma of the red cells, rendering the 
Bb more easily soluble, and thinks that the solution of red cells in 
jaundice, as well as in other conditions, depends on other than simple 
wmotic factors. 

Other characters of icteric blood are, according to Limbeck's analy- 
ses, lUi increase of nitrogenous bodies (S.'li), 3.52 percent) ; diminu- 
tion of chlorides of both blood and serum, which he refers to their 
displacement by biliary acids; and a well-marked increase in the vol- 
nme of red cells (Bleibtreu's method). 

Detection of Biliary Principles in the Blood. — Well-marked cholemia 
may bi' detected by naked eye inspection of senim or its foam. On 
heating to AO" ('. bilirubin may l>e changed to biliverdin. 

V, JakacI) bas beea able to demonstrate bilinibln In tbe blood when none 
was to Im fouud in thi* uriue, or when only unibilin existed in the urine, by 
the following procedure. A little blood obtAJned by a wet-cup in allowed 
to coa^^ulate and after one to two hours the serum it drawn olf and furci-d by 
■apiraUon through an asl)e8tos litter. The broth of the filtrate is yellow if 
any blllnihin Is present and this yellow tinge becomes green on healing two 
or three houtB at Sa' C, if only uiuuli.' Inures of bile pi^ineat are jireeent. 
Or the blood may bo coogiitated slowly at 7^80° C when the serum be- 
Oomes greenish in the preMencc of minute truces of bile. 

BtLlATtY Acii« may be demonstrate'*) by Pettenkofer's mcthixJ on 
aemro prepared as follows : 

Albumens are removed by boiling or by alcohol, and the Ullrate is treated 
with lead acetate, and with ammoiiia, which precipitates the acids with tha 
lead compounds. The ucids arc then recovercil, by washing the prccipitats' 
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on a filter, boiling in alcohol, filtering^ and decomposing the lead salts by 
carbonate of soda. The solution is again filtered, evaporated to dryness and 
the acids extracted by boiling in absolute alcohol. Finally on evaporating 
the alcoholic extract, biliary acids crystallize out, or an amorphous substance 
remains from which the crystals may be obtained by extracting with ether. 

THE SPEOIFIO 0BAVIT7 OF THE BLOOD. 

The specific gravity of the blood changes with the content of water, 
its most variable constituent, the proportion of salts, which are less 
variable, and the percentage of albumens, which are the last principle 
affected by pathological processes. 

The normal limits have been placed by Becquerel and Rodier between 
1.058-1.062 for men, 1.054-1.060, including both sexes; by Ham- 
merschlag, between 1.056-1.063, including both sexes ; by Lloyd Jones, 
between 1 .045-1.066. Some of these discrepancies are doubtless refer- 
able to the differences between the methods employed. 

There are considerable physiolof/ical variations in gravity. Accord- 
ing to Lloyd Jones the blood of newborn infants shows the highest 
gravity, averaging 1.066; after the second week of life up to the 
second year, the gravity sinks, 1.048-1.050 ; rising with men between 
35—45 years, to 1.058, with women after the climacteric, to 1.054; 
in old age the blood of both sexes approaches the initial high gravity 
of infancy. Limbeck finds an explanation of these progressive changes 
in the decreasing capacity of the tissues to absorb water. From 44 
estimations on his own blood Schmaltz found minimal variations ai 
different hours of the day, from 1.061 from 7-8 A. M., to 1.058, from 
2-8 P. M. Muntz found a marked increase, 1.038 to 1.058 in the 
gravity of the blood in over-fed sheep. Muscular activity, if accom- 
panied by sweating, slightly decreases, sleep slightly increases the 
gravity. (Schmaltz, Jones.) Schmaltz found that menstruation is 
followed by a slight increase of gravity, while the slightly lower 
gravity of pregnant and parturient women has been frequently 
observed. 

For somewhat obscure reasons, the gravity of the blood is increased 
by residence in high altitudes and a considerable difference (.015) has 
been observed in the blood of animals pastured on mountain tops and 
those grazing in the valleys. (Muntz, Viault, Glogner.) 

In pathological conditions lowered specific gravity is a constant 
character of the blood in anemia. 

In chlorosis the change is usually referable to and proportionate 
with the loss of Hb, but Stintzing and Gumprecht and Siegel have 
shown that this parallelism is not invariable. In pernicious anemia 
the specific gravity and dry residue suffer more than the Hb, owing to 
loss of albumens from the serum. Extremely low gravity, in com- 
parison with the Hb-content, is characteristic of this condition. In 
leukemia the gravity is reduce<l as in simple anemia, but extreme re- 
ductions are seldom observed, owing to the increase of white cells and 
the presence of abnormal products soluble in the plasma. In second- 
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ary anemio'i there are numerous exceptions to the parallelism betrnM 
specific gravity and Hli-content. These are found especially in dl^ 
eases in which an exudative process drains the blond uf uHiumens 
(dysentery), or wheu from edema there is relative hydremia of serum 
or red cells. 

In the mfectioiu dinca-nea the specific gravity of the blood depends 
upon associated conditions, such ns profuse perspiration, diarrhea, ex- 
udation, etc., more than upon any specific property of bacteria to in- 
crease the water of the blood. That the pi>wer to impoverish the 
blood varies however with different infectious a^nte is strongly in- 
dicated by clinical observation. Grawitz' claim that tuberculin and 
the diphtheria toxin tend to increase the gravity of the blood, while 
the toxines of KfiTplocoociu and Klnphi/lricocruK pi/iigetieg tend to diminish 
it, is frequently oinUrmod by romparison of the blood in cases of mili- 
ary tuberculosis and uncomplicated diphtheria with tliat of septicemia. 

Although acute stasis is usually followed by marked increase in the 
gravity of the lilood, yet in rJironic rmlocartiifh tlie variations observed 
are very irregular. General edema is usually associated with lowered 
gravity. 

The same observation applies to the blood of nfpbrUis, normal 
gravity being olwerveil in many cases of chronic interstitial nephritis 
(Hammerschlag), while anemia and low gravity of the blood and 
edema of the tissues are nearly constantly associated with the lai^ 
white kidney. 

Numerous studies of the bloo<i of piUiaoii'trif tiil>f,iviilosi», including 
that of Gmwitz, have failed to bring to light any uniform variations 
in gravity peculiar to the bWd in (his disease. As a rule extreme 
reductions are not observed. 

In the cachexia of intilti/iunU neoptiumut some of the lowest gravities 
on retwrd have been observed (1.030, 1.032, Lyonnet), especially in 
ulcerating and bleeding tumors of the stomach and uterus. 

In certain «im rliiinws (pemphigus, ecirema, psoriasis, prurigo, mor- 
6iu maculoaiu) an increased gravity of the blood has Ix^n noted by 
Schlesingur. In wisws of geni>nd burns Tappeiner, Baraduc, and 
Scblesinger have found very high gravities, 1.0B5-1.07;S, which, in 
oases that recoverwl, fell to normal in twenty-four hours. 

Finally, parioua drugn appear to exert a moderate but in no sense 
peculiar influence on the gravity of the blood. Purges, diaphoretics, 
and diuretic*, remove water fmm the system, ami wheu this loss is 
not immediately n'plaoed fn)m ihe tissue ihe IiIoimI is temporarily con- 
centrated. The action of mercury is somewhat uw-ortain, but in 
sjphilis it appears to diminish the gravity after a short initial period 
of increase. (8chlesinger.) 

To reoapihdiiie, it has been found that considerable variations in the 
water of the bloo<l may under ordinary conditions be promptly equal- 
ised by the action of the tissues on the one hand replacing a loss, or 
of the kidneys and skin removing an excess, so that the change in the 
blood is very transitory. Only when there is interference with lb< 
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processes or when the demands upon them are excessive does a more 
or less permanent alteration in the gravity of the blood follow. 

On the other hand, when the albumens of the blood are affected, 
more marked and permanent changes are produced. In general, the 
content of the tissues in water and that of the blood are very closely 
interdependent. 

THE OSMOTIC RELATIONS OF THE BLOOD. 

When a drop of blood is placed in distilled water, the red cells arc 
promptly dissolved, but when blood is placed in a solution of salt of 
a certain concentration, the red cells retain their Hb and sink to the 
bottom of the fluid. The solution of the cells results from the law of os- 
mosis, that when two solutions of different concentration are separated 
by an animal membrane the solutions pass through the membrane, 
until the quantity of salt in each is equal. The force which leads to 
this interchange is called '^ osmotic tension,'^ and two fluids with equal 
content of salt are said to be " isotonic " or of equal " isotonic tension." 
Fluids are likewise said to be hyperisotonic or hypisotonic when they 
contain greater or lesser quantities of diffusible salts than other fluids, 
and are capable of drawing water from or yielding it to such fluids, 
according to the laws of osmosis. 

A solution containing .46 percent of NaCl is just sufficient to prevent 
the solution of red cells in the average specimen of normal human blood 
(Limbeck), and the isotonic tension of human red cells may, therefore, be 
said to be .4.6 percent Nad. Yet when red cells are placed in a .46- 
percent solution of salt, they absorb water and swell, although they 
do not yield up Hb, and when placed in strong solutions of salt, red 
cells shrink, yielding water to the fluid. Hamburger finds thai a .9- 
percent solution of salt causes neither swelling nor shinnkage of the red 
cells. This solution, therefore, represents the isotonic tension of the blood 
pUuma, and is properly called the " normal salt solution." 

Any considerable lowering of the osmotic tension of the plasma must 
therefore lead to swelling of the red cells and eventually to their solu- 
tion. The hyperisotonic quality of the plasma with reference to the 
red cells is a physiological necessity, otherwise the ingestion of a con- 
siderable quantity of water would cause the solution of many red cells. 
The exact limits of osmotic tension between which the red cells suffer 
no alterations of volume are not known, but it is certain that they are 
often exceeded in pathological conditions. Changes in osmotic tension 
which affect the volume of the red cells may occur not only in the 
plasma but also in the red cells. Thus if the red cells in chlorosis are 
for some developmental anomaly deficient in salts they would shrink 
in plasma of normal (.9 percent) osmotic tension, while normal cells 
would swell in the watery plasma supplied after hypodermoclysis for 
hemorrhage. 

The isotonic relations of the blood do not apparently depend en- 
tirely upon the presence of salts, but are affected also by the presence 
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I'Of otber diffusible priticipIeR, as the ullmmeDs. f^imbeck finds only .2 
KperccQt of salts in red cells, yet their isotoaic tensioa is equivalent to 
■ Bt least .4G percent NaCl. 

Hamlmrger finds ihHt albumeoa, phoapbates, and chlorides behave dif- 
Iferently iiuder chongiu); osmotic conditions. When a little lu^id is added t« 
blood, albumena and phosphates pasa troTO red cclb to serum, while chlorides 
pass frDm serum to cells, but when alkali ia addtnl the opposite trauBfer U 
Induced. Similar physical cffecta are produced by the |>aasagc of oxygua 
and carbonic acid ihrough the blood and Hamburger suggculs that theu 
flKtors take important part in the metaliolic exchanges in the capilii 
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^ 



lb 

KamburgfT, who wa^ one of the firet to study tbia subject, regarded the 
fixation of Ub an the result aolely of osmosis on the fluid Hb lying within 
the membrane of the red cell. Yet the opinion of Hoppe-Scyler that Ub 
enters into chemical or molecular union with the stroma of the red cell, and 
the fact that the ciislBOce of a membrane about the erythrocyte bos not been 
Hatis&ctorily proven (Limbeck), render this belief uncertain. Limbeck ofTen 
evidence to show that there are other than purely physical influences con- 
oemed with this important Ainction, vie, the chemical union of Hb with 
other elements of the red cells, and the influence of albumens on osmosis. 

Phygiohgitytl wti-ittiionn in isotonii: trntiiim of the blood are numerous. 
Tliat of venous is alighlly higlier than that of arterial blood (.02 per- 
cent). The a«lditi'in of CO, COj, hydrogen, nitrogen, arsenic, or a 
trace of acid, increases isotonic tension, while oxygen and traces of al- 
kali diminish it. (liimbeck.) In ptitliologicul conditions, from a series 
of fifty-four observations on blood from venesections Limbeck con- 
cludes : During acute infections, os])ccially typhoid fever, erysi|tclas, 
and pneumonia, the isotonic tension of the blood is frequently mucli 
increased, but not always or con^nU-intty so. In general disturbances of 
nutrition the tension of tlic blood is very variable ; in diabetes and 
osteomalacia it was normal, in leukemia it was much increased, in 
jaundice it was low, while in chlorosis it was low, and in sevet^ sec- 
ondary anemia higher than normal. 

In pretfuaucy and lactation Vicarelli found b distinct increase in osmotic 
I tension, »'. e., a diminishetl resiatance of the red cells to water (.6-,66 per- 
I omit NaCU. Whili' Limbeck and Costellino found the red cells letu resist- 
[ uit in typliold fever, Bianchi and Mariotti found that experimenlat injec- 
\ tions of* A. (ypAoou* lowered th« isotonic tension of the blood although filtered 
I cultures of Ihia and other bacteria bad the opposite efTect. Cavazanni found 
f that ii^cctiuns »ud inunctions of mercury slightly Jncrc-aeed the resistance of 
I the red cells. 

The ^(utjon o/tjic itenim lias been investigated by Hamburger, using 
I anotlier metliod, who found no chungc after bitting. Viola and lona, 
L during seven hours following venesection, found a moderate diminn- 
l tion, while Limbeok, in three (torlions of blood, taken at intervals 
I during the exsanguination of a dog, found nearly constant conditions, 
L lod Adler found little variation in the tension of the serum in various 



1 



J 



ALKALESCENCE OF THE BLOOD. 77 

It will thus be seen that the knowledge of this subject is yet in a 
very rudimentary condition, although its importance in hematology 
invites further investigation. 



ALKALESOENOE OF THE BLOOD. 

It is an established principle of physiology that the capacity of the 
blood to absorb CO, depends on its alkalescence. 

When one compares the results of direct alkalimetry obtained by 
any of the recognized methods with the proportion of CO« obtained 
after the dissociation of carbonates by strong acids, marked discrepan- 
cies are observed. The volume of COj differs greatly from the degree 
of alkalinity obtained by direct titration. To explain this fact it must 
be supposed that certain basic properties of the blood are brought into 
action by alkalimetric methods which are not active during life, or else 
that under changing conditions of metabolism the blood is required to 
absorb varying quantities of CO^ which are by no means necessarily 
proportional to the capacity of the blood to absorb this element. 

There are good physiological grounds for supposing that both of these con- 
ditions actually exist. It is probable that the existing methods of titration 
are sensible to the alkaline carbonates and phosphates, which are principally 
ooncemed in the alkalinity of the blood, and, as well, to some acid-neutral- 
izing albuminous principles that are liberated from plasma and red cells 
during alkalimetric procedures. (Limbeck and Steindler.) To what extent 
the phosphates and albumens are concerned in the physiological functions 
centered in the alkalinity of the blood is not known, but it has seemed to 
the writer that the opponents of the titration method have fietiled to consider 
the possibility that other important functions besides that of absorbing CO2 
may depend on the alkalinity of the blood {e, g. , fibrin formation), and that 
the results of the titration method therefore deserve recognition in the study 
of the pathology of the blood. 

On the other hand, the attempt to measure the alkalescence of the 
blood by the volume of CO2 recovered after addition of acids involves a 
needless confusion of the problem, as such estimations include both the CO2 
loosely combined with Hb, and that more firmly united with the alkalies. Yet 
the physiological significance of each of these combinations is probably very 
different, the former representing the respiratory activity of the blood and 
the metabolic activity of the tissues, while the latter is related to other less 
definitely known functions. Moreover, it by no means follows, as has been 
said, that the volume of CO2 recovered f^om the blood represents the total 
quantity that the blood is capable of absorbing, or is any indication of its 
acid-neutralizing power. Bunge calculates that after allowing for the 
amount of sodium required to saturate the only strong mineral acid of the 
plasma (HCl), there is enough sodium left to fix 63 volumes percent of CO2 
as carbonate and an equal additional amount as bicarbonate, which is far 
more than the amount of CO2 actually present in the blood. 

Again, the attempt to estimate the alkalescence of the blood, considered 
from either the biological or chemical standpoint, by the content in CO2, in- 
volves several probable errors. There may, first, be a diminished produc- 
tion of CO2 in the tissues in pathological conditions. There may be a 
diminished absorption of CO2 by the blood owing to chemical changes in the 
tissues or mechanical impediments in the circulation. Finally, there may 
be simple absorption of CO2 uncombined with acid neutralizing principles. 



UJfiTKr OF THE BLOOD. 

(Schafcr.) Of the aclual exietence or importance of Ihi-so factors it is, with 
tho pi'eeent knowledge of physiology, difficult to judge, but since they stand 
as uuoertftiii quiuilUiea, U Beems unwise to rt-ly upon any such very indirect 
method of Judging of the alkalinity of the blood. 

It would seem therefore that both alkalimetry and the estimation of COi 
(iiniish important information in regard to the state of the blood, but 
there are no good a priori reasons to suppose that lioth measure the same 
property of the blood, while the practical reeults ublaiui'd ponilively dis- 
prove such a view. When laked blood is titrated, n high di'greo of nlks- 
leseeoce la obtained, as this method takes account of all a('i<l-neutraliziDg 
principles, carbonates, phosphates, and albumens of plasma and red cells. 
When serum is titrated, the acid neulraliziug principles of red cells are ig- 
nored, and lower grades of alkalinity are obtained. When the CO] is esti- 
mated account is taken only of the carbonates, but albumens and phosphalM 
are ignored, and the presence of any dissolved COj disturbs the compulation, 
while the possibility still remains of accidental variations in the ratio lietweeii 
the CO] actually present and total capacity of the blood to absorb this acid. 

ITie /dwlien o/ Ifut COj-fontent of the blood have given the following 
chief results, as sumiuariu'd by Limbet^'k. 

Ve»ou» bUnui is always richer than arterial in iXi^, and both are sub- 
ject to minor phj-siologiail vnrintious (33.^7—45,3 volumes percent, 
Schafer, Kruus). 

FtftriU pri}WMr« ure geuerully lu-coiupauied by diminution of CO, in 
the blood, often in proportion to the height of the fever i34.IH-2U.9 
volumes pen'cnt, Gepftert). This condition, according toGepi>crt and 
Minkowski, is referable la the abnormal production of acid metabolic 
principles in the blood, a view which is supported by Kraus who, 
ID fevers, along with a diminution of CO, (10-20 volumes percent), 
found an increase in the acid principles of the blood. 

In Uie mrhexia of airrijuniui Limbeck and F. Kleraperer found 
marked diminution of the CO, of the blood (9.67-20.5 volumes per- 
cent), but did not estimate the acid principles. Similar refinits fur- 
nished by other observers indicate that in diabetic coma the blood 
is fre«|ucntly very deficient in CX),. (Minkowski, 8tadeiman, Kulz, 
Hallervorden, Kraug.) Yet Kmutt in one case found a normal quan- 
tity. A siiriultaneous increase in acid principlca has l)een demon- 
atrat«l in one cw« of diabetic coma by Kraus, and on these grounds 
it has been c<inc-lude<l by various authors that in diabetes there exists 
an acid- in toxica I ion probably from oxybutyric and diaoetic nrid$. 
Limbeck acoepis this view and concludes from the various studies that 
in acute febrile infectious discaiK'S, in canct^rous cachexia, and in dia- 
betic coma, a diminution in CO, and an increase of acid principles of 
the blood have l»een fully demonstrated, pointing in all prolmbility to 
the existence of an acid- intoxication in these diseases. In Inilermin 
Kraus* found a slight deficiency of CX3, (20.2i) volumes percent). 

From the direct alkalimetry of the blood or scrum much less uni- 
form nsuUs have Ix-cn obtained. A fairly constant normal alkalinity 
has been established with tUriitwn mrtJiofU. v. •lakscli * placed tlie 
alkalinity of nornnd blood at .20-.3O percent NaOlI ; Kraus, at .2'2i'> 
percent; Jeffries, at .2 percent; Drouin, at .206 percent; Freudbcrg, 
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at .2-.24 percent ; Limbeck^ .220-.256 percent. In laked blood it 
has been found much higher by Loewy, .449 percent ; by Berend, 
.45-.5 percent. Peiper found slightly greater alkalinity in the blood 
of women than in that of children, and in the blood of men over that 
of women. A constantly diminished alkalinity in the blood during 
fevers has been reported by the above authors, by Rumpf, and others, 
and in carcinoma (Rumpf), anemia (v. Jaksch, Peiper), leukemia 
(Peiper, Rumpf), uremia, cirrhosis, and osteomalacia (v. Jaksch). On 
the other hand, the results obtained by Loewy and by Limbeck and 
Steindler, using their particular methods, were extremely variable, and 
these variations were about equal in health and disease. 

Further observations are therefore necessary to determine the true 
significance of the changes demonstrable by titration methods. 

THE AOmiTY OR BASIC 0APA0IT7 OF THE BLOOD. 

There are certain unsaturated salts in the blood (NaHCO,, NaH^PO^ 
and probably Na^HPO^, Limbeck), which although alkaline to litmus 
are acid to phenolphthalein, and are capable of uniting with bases. 
While fresh blood is alkaline, serum reacts as acid to phenolphthalein. 
The capacity of the blood salts to neutralize bases has been called its 
basic capacity, by Kraus,' who devised a delicate and somewhat diffi- 
cult method of measuring this capacity. 

In normal venous blood Kraus found a basic capacity of .162-.232 
percent NaOH, which increased in febrile conditions to .209-.272 per- 
cent NaOH. His demonstration of a marked increase of basic ca- 
pacity (.347 percent) in diabetes, has been regarded as strong evidence 
of an acid intoxication in this disease. 
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CHAPTER III. 

MORPHOIiOGY AND PHYSIOLOGY OF THE RED 
CELLS. 

In fresli normal blood the red cella appear as homc^neous bicon- 
cave disc-nhaped bodies, with opaque yelluwisli rim and nearly trans- 
parent center. They show a strong tendency to cohere to one another 
by their flat Biirfaces, forming long rows (rouleaux). This property 
has been referred to the presence of a fatty roateriai surrouuding the 
red cells. In the capillary circulation they exhibit remarknble elas- 
ticity, folding, indenting, and greatly elongating, without rupture. 
After early infancy they are invariably non-nucleated. 

In dry gpfcim^m when thinly spread and rapidly dried they are cir- 
cular in outline, their concavities are obliterated and they stain evenly 
throughout. When rather tliicltly spread the rouleaux are retained, 
the concavities iM^rsist, and the centers may be nearly transparent while 
the thicker rima are densely stained. 

Neither menU/mnr nor rrlli-u/uia have been fully demonstrated in the 
human rvd blood cell, although l>oth, from analog)', have been sup- 
posed to exist. It is more probable that the hemoglobin is held in 
compact form by a chemical union with other albuminous constituents 
of the cell. (Schafer.) 

Staining Eeactioni. — The living red cell is achromatic, but when 
fixed, is markedly aeidophile in quality, a property probably residing 
exclusively in the Hb. In the center of the cell there is an achro- 
matic coustiluent which fails to stain with acid dyes, but under some 
circumstances this central substance may become )iartially separated 
or even extruded from the cell, when it stains lightly with melhylene- 
blue, and yields the B[)ecific reaction of chromatin (Nocht's metliod). 

Two views regarding the structure of the red blood cell have been main- 
tt^aed. According to the Ur«t thu red blood cell h vehicular, conaieting of 
colored semifluid contents, hemoglobin, surrounded by a membrane and 
supported by a utrunia couipu(u.>d ui* varioaa substances, principally lecithin, 
Gholeiit«rin, and eel I -globulin. (Bchafer.) According to the Hccond view, 
the red cell is not vesicular hut a viscous solid moss, consisting of a colarlcss 
eUstic stroma which is condensed at the periphery and which supports, partly 
by mechanical means and partly by chemical union, the hemoglobin and 
other constituents of the cell. (Rollclt, Bmcke.) 

It is not impossible to partly reconcile these opposing views, regarding 
the peripheral condensation of stroma as in many rcH]>ects similar to a uiem- 
brano. That the cell is not strictly vesicular with separable fluid contents 
is shown by the fiwt that it may lie subdivided without escape of contents, 
Mob fV«ginent assuming the disooidal shape. 
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Norm«I reil cell, flnlly spread, onii evenly stained. 
Pig. I. Nornul rouleau, 
fig 3- Noroul red celU, varying sligbd]* in ^ii^e, thickly aptcid. showing ccnttnl clear i 
Fig. 4. Normal red cell, of slightly nlieri^d thape, 
Fi^ 5- Lymphocyte, niedium sire. 
Fig. 6. l^arge mononuclear leucocyte, incurved nucleus. 
Fig. 7. PolynucleM nenlrophile leucocyte. 

Elaiioophile leucocyte. Separate nuclear lolie^. 
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According to Foa the hemoglobin is limited to a peripheral layer of 
granules under which lies homogeneous cell protoplasm, and this view is sup- 
ported by the occasional escape in pathological conditions of a central achro- 
matic substance leaving the hemoglobin more or less intact. 

Sue of Red Oells. — In normal sabjecU^ the average diameter of red 
cells varies between 7 and 8 /i, depending considerably upon the 
method employed in preparing the specimen. The following table 
compiled by Limbeck shows the results obtained by different writers : 
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From 75 to 90 percent of the cells fall within average diameters. Sex 
has no influence upon the size of red cells, and after infancy the diam- 
eters remain constant. In normal infants' blood the variations in the 
size of the cells are considerable, 3.3-10.3 //. (Hayem.) 

In pathobgical conditions, variations in the size of red cells are one 
of the most important of morphological features. In general^ varia- 
tions in the size of the cells indicate a severe and chronic anemia, 
while in mild and in very acute anemias, the diameters are usually 
le altered. 

MiCROCYTES are cells distinctly under the normal size and may 
show a diameter of 4 to 1 /i. 

Several influences appear to be concerned in the formation of mi- 
crocytes. It is probable that cells poor in Hb, lying in plasma of high 
gravity and osmotic tension may be reduced in size, from the direct 
loss of substance and the concentrating influence of a fluid of high os- 
motic tension. These conditions are present in some cases of chlorosis, 
but the attempt to show that the cells in this disease are uniformly 
undersized has not been successful. Many microcytes probably result 
from the splitting of portions of degenerating and ameboid red cells, as 
in pernicious anemia. The occasional occurrence of nucleated red cells 
of small or minute size indicates that some microcytes arise by division 
of undersized mother-cells. This mode of origin is probably limited 
to pernicious anemia. 

The clinical significance of the presence of undersized cells or dis- 
tinct microcytes is rather indefinite. In some cases of chlorosis the 
cells appear to be uniformly smaller than normal, but this character is 
not invariable. In some cases of chronic anemia of pernicious grade, 
the majority of cells are undersized and deficient in Hb. In primary 
pernicious anemia, microcytes with increased or diminished Hb are 
constantly present. Tallquist believes that the presence of many mi- 
crocytes is an indication of rapid destruction of blood. 
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Meoaloc^tes are cells distinctly larger tliuu normal. Tliey usu- 
ally vary between 10 and 20 ji in diameter. M<)st of these cells form 
from the division of the large nueleated red cells which api>ear in n.'d 
marrow in severe chrtinic and especially in jjerpicions anemia. In 
addition to this mode of origin it is probable that many Blightly en- 
larged cells and megalocytes are prodnced by the swelling which, 
under the laws of osmosis, results when red cells lie in plasma of low 
gravity and low osmotic t«aaiou. Megalocytes may show an excess ur 
a deficiency of Ub, and frei^uently exhibit a brownish stain after cosiu. 

The presence of megalocytes indicates an auemia of severe grade 
an<l usually of rather long standing. Their appearance denotes 
regenerative activity on the part of the blood. (Tallquist.) Some 
authorities arbitrarily su^^est that when megalocytes form more than 
10 percent of the cells the case should be classed as pernicious anemia. 
In secondary pernicious anemia the megalocytes are frequently defi- 
cient in Hb, while in primary pernicious anemia tbcy usually contain 
an excels of this principle. 

Nucleated Red Blood Cells. — While the presence of nucleated red 
cells in the blood at nny period of extm-uteriue life may be considered 
pathological, it mnst be admitted that prolonged search in the blood 
of infanta shortly after birth will usually disclose the presence of a 
few of these cells. 

NoKMOBLASTS are nucleated red cells of normal size and character 
(7—9 fi). They usually show a normal or slightly increased quantity 
of hemoglobin, fail to show a biconcave form, do not cohere in ruuleuux, 
and exhibit a central densely staining spheroidal nucleus occupying 
one-third of the diameter of the cell. Much less frequently the 
nucleus is subdivided into two or three lobes, more or less closely con- 
nected, while mitotic figures in normoblasts Iiave several times been 
described. (Luzet, Troje, Asknnaxy.') 

Normoblasts are most commonly seen, in very variable numbers, in 
(he mil<ler forms of anemia, chlonisis, acute anemia from hemorrhage, 
early leukemia, etc. They may be very abundant in the anemia of 
children, es[>eciully in v. Jaksch's type. In severe anemia tbey are 
usually associated with lai^r nucleated red cells. In children any 
severe disturbance of the circidittion, especially if accompanied by af- 
fection of the bone marrow, may cause the appearance in the blood of 
a few normoblasts. Severe leucocytosis in children and even in adults 
may draw a few normoblasts into the circulation. In anemic subjects, 
ante-mortem lenoocytosis may l>e of tliis character. In chlorosis, a 
peno«lical increase of normoblasts, lasting 4—6 days, repeat«d at inter- 
vals ap]uirently &vored by rest in bed and successful medication, and 
acocmijianied by a marked increase in red cells, has Vieen de»cril)cd by 
T. Noorden, under tlie term " blood crisis." This phenomenon chiefly 
s givpn ri»e to the belief that the appearance of normoblasts is of 
I ftvorable import in anemia. This opinion may be accepte<], not be- 
e the normoblasts ap})ear in tlie circnlntion, but In-cnuse their np- 
ance indicati-s active reproiluctiim and discharge of red discs 
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the marrow, and demonstrates that the type of blood formation is 
physiological. 

Megaloblasts are nucleated red cells of larger than normal dimen- 
sions (10-20 /i). When exceeding 20 ft in diameter, they are usually 
called gigarUoblasts. They are usually circular in outline, but are 
readily deformed in spreading. Megaloblasts may show a deficiency of 
hemoglobin, but usually contain an excess, in which case they are apt to 
stain brownish with eosin (polychromatophilia). The nuclei of mega- 
loblasts show a great variety of forms. They may be found in : (1) 
the ordinary vesicular form of the resting stage with intranuclear net- 
work and nodal thickenings, but without nucleoli, or they may be (2) 
pyknomorphous consisting of one or several densely staining lobes, 
either distinctly separate or grouped in irregular rosette form ; or (3) 
they may exhibit phases of normal or pathological mitosis, with irregu- 
lar wreaths or two or three unequal asters ) or (4) they may show 
many stages of karyorhexis, with fragmentation, vacuolation, fading of 
s^raents of nuclei, as well as minute subdivision into fine basic stain- 
ing particles widely scattered in the cell. (See Plate V.) 

The significance of the presence of megaloblasts in the blood depends on 
the eandUions ^oHh which they are a^ociated. 

Megaloblasts are seen in smears of the marrow of many young in- 
fants, and when seen in the circulation of such subjects in small num- 
bers and with a majority of small nucleated cells, they have the same 
significance as normoblasts. In cases of severe anemia of adults a few 
nucleated red cells of moderately large dimensions are sometimes seen 
with a larger number of normoblasts, when no special significance can 
be attached to their discovery. 

When the majority of a considerable number of nucleated red cells 
are megaloblasts, especially if gigantoblasts are present and unequal 
mitotic figures are observed, the diagnosis of primary pernicious 
anemia is justified. The presence of a few megaloblasts alone is 
usually found only in primary pernicious anemia, but may occur in 
pernicious secondary anemia. Possibly the discovery of a single 
gigantoblast may warrant the diagnosis of primary pernicious anemia. 

In general, the appearance of megaloblasts in the blood indicates 
that a pathological type of blood formation has been established in at 
least a part of the red marrow. Whether this change represents a re- 
version to the embryonal type of blood formation, as suggested by 
Cohnheim, cannot yet be determined, and will be considered later. 
Probably the low osmotic tension of the watery plasma may be re- 
sponsible for some of the increased size of the nucleated red cells of 
pernicious anemia. 

Pathological Changes in Ked Blood Cells. 

Simple loss of Hb is one of the commonest changes occurring in red 
cells, this being the chief cellular lesion in chlorosis and mild sec- 
ondary anemia. When deficient in Hb the cell exhibits an en- 
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larged central clear area of variable outline. In extreme coses the cell 
may be reduced tu a very tbin ring of Hb, iDcloaiog a wide and per- 
II fectly transparent central area. In dr\' specimens, such cells when 

I thinly spread and rapidly dried may fail to exhibit a marked centra] 

" clear area, but tbe whole cell shows a uniform pallor. Occasionally 

I the central clear area is irregular, owing either to ameboid changes in 

I the red cell or to the unequal loss of lib in different parts of the cell, 
or, frequently, to artificial influences. Thus may arise minute cleft« 

fl and the heaping of remnauts of Hb ia the center of tbe cell. (Plate 

II VI.) 

. PoikilocTtoBiB is a term applied ta the a|ipearance in blood of 

I misshapen red cells. Probably tbe chief mode of origin of poikilo- 

cytes is through the cfTects of ameboid ni<iliun of a porliuii or the 
I whole of the cell, which has l>een described as among the phenomena 

|. occurring in degenerating rc<] cell^^. A great variety of shrunken and 

Ij misshapen cells are produced artifictntiy in dried spe<.^imens of anemic 

I blood. The true [Miikilocyte is usually a {tear-sha[>ed cell with a 

I' short globular projection at one or more poles. Extremely irregular 

I cells nsually result from shrinkage or tranma. Very small cells may 

I be formed by the separation of fragments of jwikilocytes. (Ebriich.) 

I Poikilocytosis is an indication of a severe anemia with degenerative 

] changes in the red cells. 

f Ameboid motion of entire cells or of fragments of cells, or of central 

[ colorless masses in necrobiotic cell» may be observed, in slight degree, 

i in many severe anemias. This phenomenon, which is more commonly 

obeervod in the blood of the low vertebrates, is probably resjmn- 
Bible for the production of many jwikilocytes, and for the subdivision 
of r«d cells, bnt is otherwise lacking in special signiticance. (C£ 
Askanazy.) . 

Variations in size of red cells is an imjwrtanl feature of dcgeneratin 
processes which is oonsideriHl elsewhere. \ 

In cases of at^Ue poUmnintf in man and animnls, a considerable va- 
riety of degenerative changes in red cells has l>een deecril>ed by many 
writers, but these do not yet admit of accurate classlfiuition. Among 
them may be mentioned : (1) the hemoi/lohincmie tlt^menttioti of FJirVtch, 
which consists in the appearance of droplets of Hb within the cell ; (2) 
the subdivuelon of the ctH with formation of microcytea, as seen in some 
forma of poisoning (Litten) and after severe bums ; (.1) the fjifcijic re- 
action of diabetic hlooil described by Bremer ; and (4) the clumgca in 
toior to be noted after gmisoning by hydrochloric acid, hydrocyanic 
acid, chlorate of potash, and tome coal-tar prodncti>. 

The malnrial inn-umli- prixiiii-c.s a peculiar series of degenerative 
changes in the red <vll whicli will i>c lonsidered Inter. 

Anemic or Polychromatophilic Degeneration. Polycbromasia. 
Polychromatophilia. — Under llic term [wlychromatophilia two ap- 
parently distinct conditions have been descrilied. 

The ti-rni is applied by Ehrlieh ' ti> tbe ap|>earance, eepeciidly 
cases of chronic anemia, of celk which, aft«r hemntoxvton and eoaii 
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iDst«acl of staining light red take a bhiish red or violet tinge, or, in 
extreme examples, even take a deep blue stain. These various abnor- 
mal tints are referred by Maragliano, Castellino, and Ehrlich, to a pro- 
gressive coagulation -nfcr 081* of the cell which thereby loses its power 
to retain Hb aod gradually yielding this element to the plasma, loses 
also its normal affinity for acid dyes. This opinion is based on the 
following grounds: (1) The appearance of cells showing an advanced 
stage of the change, in which the frequent breaks in contour " convince 
every practiced eye that the cell is approaching solution," (2) By the 
abnndance of such cells in starving animals where new formation of ■ 
red cells is not to be expected, and (3) by tlieir abundant presence 
within 23 hours after hemorrhage, when normohlasta are only excep- 
tionally seen, and (4) by the constant polychromatophilic tendency of 
megaloblasts as compared with normoblasts. 

Gabritschewsky, Smith, Askanazy,^ Engel, Dimin, and many others 
believe that polychromatophilic discs are not degenerating bul wi the 
contrary are (he youngest rtxt cells of the l/loo/L This view is supported 
by the abundance of such cells shortly af^er severe hemorrhages and in 
many other conditions where red cells are being rapidly formed. As- 
kanazy found polychromatophilia of all the nucleated red cells in the 
marrow of a rib just after its excision and before degenerative changes 
could have set in, and states that a large proportion of cells in the liver 
of the seven months' fetus are polychromatophilic. Walker also 
found as high as 34. 7S percent of basophilous red cells in the blood of 
a fetal puppy, while in the marrow of various healthy domestic animals 
they varied from 12 to 62 percent, 

Engel has shown that there is a physiological polychmmasia be- 
longing to a portion of tlie red cells of the embryo, and Ehrlich * 
accepts this fact without yielding his opinion that, in the adult, 
polychromasia is a sign of degeneration. According to Eugel, poly- 
chromatic cells appear when rapid new formation of red corpuscles is 
demanded, and when there is not time for the complete shrinkage of 
nucleus and development of orthochromatic cells. 

The bearing of the first studies of Maraghano and Castellino is here 
of importance. These observers found that normal blood in carefully 
prepared fresh specimens begins to show distinct alterations of the red 
cells after standing 10—12 hours. These consist in widening of the 
central colorless area, appearance of ameboid activity in this area, for- 
mation of poikilocytes and development of a basic staining quality in a 
part or the whole of the cell. In various pathological conditions they 
found these changes present immcdiotely after shedding and the more 
rapid their api>earance the graver was the general condition of the 
patient. The authors believe that these changes may occur in the cir- 
culating blood ; that they are referable to decreased stability of cells 
and increased globulicidal activity of plasma ; and that they atford val- 
uable clinical evidence of destruction of blood. They depict cells which 
show the polychromatophilic tendency of Ehrlich, and other celle m 
whwii there u the formation of a centra/ mass which ataing bluuh by meth~ 
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yUiie-blue ' and whicli lias l«?en shown to herald the extrusion of 

tion of the red coll in the form of blood plates. (See Plate II.. Fig". 2.> 

The prooeasesreppeaented by these two kiudBof altered cells may be re- 
lated but are certainly not identical, and since the chief evidence in favor 
of the d^enerative nature of Ehrlich's poly chroma tophilic cells is found 
la the studies of Maragliano, it would seem that furthiT investigation 
il necessary before one can accept the view that such cells arc necrotic. 

Finally, it should be mentioned that Sherrin(rton refers the brownish 
staining reaction frequently seeu in red cells in severe anemia to iw 
complete oxhialion of Hli. 

To summaritc the rvidenoe In thin fifid, it appivrit thiil the term pr. 
ahroiiiaM<t afiould be Umilcd to a liiffame bra>mitik glninintf qualilg of 
red oelig occurring m var'toug formn of anemia, and aJmndnntly in normal 
marroiB, the sifpiifieance of tehic/i is undetermined. The appearance of 
btuijth slaiuing i/ranufeit ami arrttn in rnl retht, njieii deitrrilietl under Uii» 
ta>iie teiin, s/ioidd he diimied lelth drawif:' qranidar degeneration oj red 
eelti: {Cf. Plates V.. Fig. (t, and VI.. Figs. 4, -i.) 

Or&nolar Degeneration of Red Cells (Orawitz). Punctate Ba- 
toptulia of Bed Cells. — The attention of pathologists has long been 
attracted by the presence of bluish staining granules and masses in red 
cells and ihey have rei>eatedly been interpreted as remnants of a 
ouclcus. In specimens stained by the Nocht-Roraanowsky method 
these masses usually give the reaction of chromatin. Lately the for- 
mation and significance of these bodies have been fully considered by 
Maximow, who calls them " nucleoids " and whose conclusions regard- 
ing their nuclear character can hardly !» doubled. ^^ 

In IS^.'i Askanazy ' descrilwd the appearance of many fine basoo^^^l 
philio granules in the bodies of nucleated red cells in pernicious anemiit ^^l 
r^arding (hem as evidence of karyorbexis. In IHiH Schumann saw 
such cells in the anemia of l/othriocephalua, and in 1896 Ijazarus de- 
scribed them in 20 cases of pernicious anemia, while failing to find 
tliera in other diseases. I^atcr they were described in ])ernicious anemia 
and variously interpreted by Klein, Zenoni,' Ignoble, and Grawitx.' 
Very similar changes have been descril>ed in secondary anemia, normal 
blood, in birds' blond, and in that of the human embryo by Askanazy, 
Gabritschewsky. Klein, Papponbeim, and Engel.' Plehn found them 
abundantly in the blm^ of mahirioiis subjects and regarded them as 
remnants of the parasite. 

Orawitz has recently described the appearance and studied the nature 
and occurrence of such cells in huninn blood, concluding tliat they 
represent a B]>ecific form of degeneration. lie did not find any evi- 
dence of increased karyolysis in the normoblasts of marrow when de- 
generating cells were found in the blood, except in very severe anemia. 
The exact origin of the bluish staining granules he is unable to explain, 
bat thinks they have no connection with a process of karyolysis. In 
pernicious anemia and leukemia Grawitz could always find many oelU 

■ Ehrlivh w%Tn* laiunKt the uw of methTltne-l'liii^ in dfiiiniulnlinK polj'chrDnuuo* 
L philil^ luinftimlrilii'micii) ruiilure, or lii'tiialoxvliiiiiiiul v<-in, {Ke Anemi«, p. S4,),_ 
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in granular degeneration, but in 11 cases of severe chlorosis they were 
missing. In carcinoma they were present when the tumor was in such 
a situation " as to favor the absorption of toxic substances." Thus 
they were present in 10 cases of gastric and esophageal cancer, but 
absent in two cases of uterine carcinoma. They were very abundant in 
chronic lead poisoning, as has also been noted by Behrendt. They 
were not found in numerous cases of tuberculosis and syphilis. 

The writer has frequently noted these changes in red cells in per- 
nicious anemia, and is convinced that in megaloblasts they oflen result 
from karyorhexis, having seen many transitional stages of the frag- 
mentation and fine subdivision of these nuclei. In the hydremic 
blood of malarial cachexia they are extremely common. In some 
cases, after overstaining in methylene-blue, nearly every red cell shows 
such bluish points, sometimes connected with fine threads. 

The Numbers of Red Blood Cells. — It is hardly necessary to 
point out that the present method of enumerating the red cells in a 
unit of volume of blood gives an imperfect estimate of their total 
number in the body. Yet the conclusions that are constantly being 
drawn from such information could be justified only in case there were 
a uniform relation between the number of cells per cubic millimeter 
and their total number in the body. The considerations mentioned in 
the Introductory Section show that in pathological conditions no such 
relation uniformly exists. On the other hand, since the total quantity 
of blood in healthy subjects is properly adapted to each individual, the 
bulk is of less practical importance than the proportion in the unit of 
volume, and the enumeration of red cells in tolerably healthy cases, 
therefore, warrants the same conclusions that could be drawn from the 
estimation of their total numbers in the body. 

The original estimates of Welcker (1854), that in the cubic milli- 
meter of blood there are normally 5,000,000 red cells in men and 
4,600,000 in women, have not been seriously disturbed by many sub- 
sequent observations by means of Malai^ez' method. Perhaps the 
chief contribution of later obsen'^ers using Thoma's instrument has been 
the proof that the numbers are more apt to exceed rather than fall 
below these averages, especially in men, a fact that has become more 
certain from the more careful estimates of the last decade. Thus the 
average obtained by Helling was 5,910,000 ; by Fredrichson 5,072,- 
000; Zaslein, 5,010,000 ; Neubert, 5,603,000; Graber, 5,081,000; 
Stierlin, 5,752,000; Reinicke, 5,209,667; Andriezen, 6,000,000; 
Hayem, 5,500,000. 

The variations in the number of red cells referable to physiological 
and accidental causes are so numerous and distinct as to require their 
consideration in detail. 

1. Time of Day. — ^The variations found by some observers at 
different hours of the day may probably, as Limbeck suggests, be re- 
ferred to the influence of digestion and exercise. Reinert found a 
tendency toward diminution of red cells and increase of leucocytes as 
the day progressed with healthy subjects. 



e contrary, ■ 
tions of Vierordt and Duperie, Reinert, and Limbeck, indicate I 
within one-half to unt' hour afWr the ingestion of a full meal the pro- 
portion of red cells begins to diminish, falling usually 250,000-7oO,- 
000 per cubic mm. The numbers diminish for 2—4 hours nnd then 
gradually appn)ach the normal. The percentage of Hb falls pro- 
portionately. These effects are more prominent after n lately fluid 
meal, and are probably referable to the absorption of fluids with dilu- 
tion of the blood. 

For the same reasons, hunger lias been found by many observers to 
cause in animals a twnsiderable increase in red oells. (Bidder and 
Schmidt, Voit, Subotin, Panum, Groll, Hosalin, Ranm.) 

The observations on man by Raum, Senator, Lnciani, and Grawitz,' 
do not, however, show that such an increase is either constant or in- 
variable in fasting men. Twenty-four houru' fasting usually suffices 
to raise the red cells of dogs 400,000-500,000, and in captivity they 
may emaciate from starvation while the red cells continue above normal 
(Hosalin), but in man there has been a lack of uniformity in the 
changes obser\'ed, Senator and Luciaui finding an irregular increase 
in the number of red cells in the professional fasters Cetti and Lucci^ 
vhile Raum and Grawitz' found a distinctly anemic condition es- 
tablished in heultliy fasting men. 

3. Sex. — The relative anemia of women is not found until men- 
struation is established at about the fourteenth to sixteenth years. 
Indeed, Stierlin, who examined the blood of ten boys and ten girls 
under 15 years, found a slight and rather uniform difference in botii 
red oells (350,000) and Hb (2.5 jwrvent) in favor of female children. 

While the figures of Welcker, 500,000, have l>ccn generally accepted 
•a representing the difference between the blood of men and that of 
women, I^ichtenstem, from 191 observations, placed this difference at 
about one million cells. Later rejiorts (Ziegler, Stierlin), as well as 
common clinical experience, would seem to indicate that the difference 
I doeH not usually amount to .500,000, and that when the numl>er falls 
below 4,500,000 in women there is some distinctly pathological con- 
dition to account for the relative anemia. There are at hand no 
systt^^mittic c»m|iarixons of the number of red cells in women at differ- 
ent ages, apart from the immeiliate effects of menstruation and pri'g- 
nancy. Stierlin has shown that t>oth red cells and Hb are subject to 
more extensive physiological variations in women than in men. In 
specifio gravity Diebalhi found that with the same red celb and Hb 
the blood of women averages .0025 less than that of men. 

Menhtrl'atios. — Since a hemorrhage which removes less than one- 
fiflieth to one-twentieth of the t«tal volume of blood fails to nolioeably 
affect the blood (Vierordt), the menstrual flow, normally about 100- 
200 oc, anil extending over a pcriixl of some days, usually fails to re- 
duce the red cells. On the contrary Ixith red cells and Hb have 
fnHgui'ntly bei-n found slightly increased after normal menstruation. 
(Vierordt, Hayem, Duperie, Scherpf, RcinI, Itetnert.) This result 
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has been referred to stimulation of blood-forming organs. A slight 
leucocytosis has also been noted by Hayem^ Moleschott^ and Kc inert. 
The clinical rule that normal menstruation in healthy subjects fails to 
induce anemia but may do so when associated with, other causes 
of anemia, is borne out by Seinert's observations on a chlorotic 
girl. In tills patient a moderate flow reestablished through the use 
of iron failed to lower the blood count, but at two succeeding periods 
more profuse discharge was followed by a reduction in 7 days of 
700,000 cells. The changes which occur under the most favorable 
circumstances are probably illustrated by the results of Sfameui, who 
examined the blood of six healthy women before, during, and after 
menstruation. He found that normal menstruation reduces the Hb 
4-15 percent and the red cells 220,543. During the menstrual 
period the leucocytes are usually slightly increased, average 330, and 
the decrease of red cells is less marked (122,443). In the inter- 
menstrual period the red cells slowly increase, reaching a maximum 
three days before the succeeding flow. 

In spite of the above largely negative results, it can hardly be 
doubted that a slightly disordered menstruation is a most important 
&ctor in the etiology of chlorosis. 

Pregnancy. — After passing through many phases of conjecture, 
opinions regarding the condition of the blood in pregnancy are now 
based on numerous observations extended and summarized by Schroeder, 
which show that pregnancy in itself has little influence on the Hb or 
red cells of the blood, and that if anemia exists it is to be referred 
to unhygienic conditions. Post-partum anemia should not continue 
longer than 10-14 days, and may be succeeded by a slight increase of 
red cells above the normal. 

PLETHORA. PGLTCTTHEMIA. 

Although the subject of plethora belongs properly to the physiologist 
or general pathologist, the clinical importance of the condition requires 
for it some notice in a work of the present character. It has already 
been shown that there are good grounds for accepting the old belief 
that there are considerable physiological and pathological variations in 
the total quantity of blood in the body, and it remains to consider here 
those factors which directly affect the proportion of red cells. 

Polycythemia may arise either from an increase in the number of 
red cells or from a decrease in the volume of the plasma. Practically 
it can hardly be said that a true polycythemia from the first-named 
cause is ever observed, as the blood-forming organs are never known 
to produce an excess of red cells, and the effects of transfusion of blood 
are very transitory. Polycythemia from decrease in the volume of 
plasma, however, is very frequently encountered, and am'ong its causes 
may be mentioned diarrhea, dysentery, cholera (Schmidt, Hayem) or any 
disease attended with excessive watery exudate ; conditions marked by 
insufficient aeration of the blood and venous stasis, as endocarditis. 



92 MORPHOLOOr AyD PHYSIOLOOY OF THE RED CELLS. 

emphysema, asphyxia, and in the peculiar permanent polycytha 
observed at high altituilea ; the administration in therajienticiir poieon- 
OUB doses of various drugs, lymphagogues (Gmwit;;*), phosphorus (v. 
Jnksch), pilocarpine, eserine, etc. (Hambui^er), and eold luiths. Various 
other iuflucnces leading to Iwal polycythemia have been mentioned in 
the Introductory Section. 

The danger of overlooking the true caune of polycythemia is well 
illustrated in Timofjewsky's experiments, when after the intra-venons 
injection of pus an increase of re<i cells of l.-'>-2 million was found to 
result from ojm-ealed exudates frttro mucous and serous membranes. 

The Polycythemia of the New-Boru. — The marked relative poly- 
cythemia of the blood of new-born infants has been constantly attested^^H 
The following averages have been observed : fl^^l 

lUyem 6,368,000 ^^H 

BoreoBen 6,665.000 ^^H 

Otto 8,166,000 ^^H 

Uolot.. 8,531,000 ^^H 

Bchifl 6,825,000 ^^H 

Bidone 6,500,000 ^^" 

While the averages of considerable numbere of cases reported by 
the above authors are rather uniform, very marked variations have 
been not«d, referable to changes at different periods of the day, and to 
individual peculiaritieis. Hayem and Helot found that too early liga- 
ture of the cord might cause a reduction of one-half to one million cells. 
During llie first weeks the jwlycjthcmin, which is usually highest be- 
fore the first nursing, gradually disappears at the rate of about 250,000 
cells weekly, but while the average fall of a considerable number of 
coses is very regular, there are marked daily variations in individuals 
of from one-half to one million. (Sehiff.) No definite relation Ijetween 
the changes in liody weight and the number of red cells has been 
traoed, but a marked reduction usually follows each nursing. 

The causo of the polycythemia of the new-born is doubtlest! to be 
found in a temjmrary contx? titration of tlie blood in which a number of 
factors are concerned. The loss of water during the first hours of 
respiration has l)een regarded a.s an imix>rtant influence (Prayer), but 
can hardly account for the condition of the blood in the first houre 
after birth. The writer finds that the jmlycythemia bears a rather 
clo^ relation to the degree of cyanosis exhibited by the expressed 
b!i«Kl-<l rop, and believes that the concentration of blood is principally 
referable to a state of relative stasis which is then cstablishcil in the 
periphenil enpillanes. 

The Polycytheiuia of High Altttudea. — The observations of Bert 
in 1SR2 that llie hl(x>d of animuU fn>m the Bolivian plateaus jiliowed 
much increased capacity to absorb oxygen led Viault to examine his 
own bliMMl while sojourning in the Andes and to find that at an eleva- 
tion of 4,.ty2 meters the red cells bad increastnl from five to eight mil- " 
lions, many of them l>eing undersized. In the blooil of animals he 
found a similar polycythemia but no increaM; in oxygen. 
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These observations were verified by I^er, Koppe, Wolff, and many 
olliere, who found that the increase begins almost immediately npon 
the change in altitude, amounting at times to one million cells in 24 
hours, reaching its limit in about two weeks, after which the numbers 
remain permanently high. On reluming to sea level the polycytlie- 
mia promptly disappears, even more rapidly than it is established. 
(Mercier.) The percentage of Hb appears to be less affected, and the 
voUimeof rod cells not at all. Egger fouud no change in the dry residue 
of the blood of two rabbits, but Grawit^ found the residue distinctly 
increased iu a rabbit which had been confined in a rarefied atmosphere. 
The blood of anemic and phthisical patients is less markedly and per- 
maneutly affected than that of healthy individuals. 

The significance of these changes has not been fully explained, but 
it seems most probable that the polycythemia, if it really exists at all, 
is an effect of concentration of the blood, brought about by Nature's 
effort to adjust the respiratory function to the smaller proportion of 
oxygen in the rarefied atmosphere. That the state of the blood is one 
of simple concentration is, however, rendered uncertain by the low 
percentage volume of red cells. Egger and Koppe maintain that there 
is ft formation of new red cells, but the microcytes found cannot figure 
as such evidence. Normoblasts ought to be present if, as Grawitz 
says,* about one liter of new blood has lieen produced in 24 hours, 
while the polycythemia promptly subsides at the sea level without 
yielding signs of blood destruction. The jiossibility that the cells are 
coDCCDtrated in the capillaries is negatived, since f^ger found a simi- 
lar increase in the large internal arteries of rabbits, while the sugges- 
tion of Fick that the red cells may enjoy a lengthened existence in 
the circulation does not commend itself. 

Several observations, recently reviewed by Starcke, indi<^te that 
the results obtained by the hematocytometer are markedly dependent 
ujwn temperature and barometric pressure, and suggest that many, if 
not all, of the peculiarities of the blood at high altitudes may possibly 
be referable to this cause. 

Residence at the sew coast is frequently followed by increase in the 
number of red cells as a part of improvement in general health. 

In the tropics most Europeans become more or less anemic until 
fully inured to the various unhygienic influences obtaining there. 

The PolycTthemia of Diarrheal Diseases. — The concentration of 
the blood which results from depletion of fluids through the intestine 
Ib seen to a slight extent in severe simple diurrhca, more distinctly in 
acute dysentery and at its height in cholera. 

An increase of two millions id the number of red cells has been ob- 
served by Hay within two hours after the administration of 21 grm, of 
Glauber's salts in concentrated solution, and Brouardel demonstrated 
less clearly a marked increase after purgation by croton oil and jalap. 
When given in dilute solution the effects of the salines are of course less 
evident. Clinically, a moderate polycythemia has Iteen observed after 
severe diarrhea or vomiting, but the cffc-cta are nsuiilly transient. 



ItOBPHOLOOY AND tttTStOtOOT OF THE RED CELtA 




In dysentery, jwlyoythemia may be expected only ' 
is acute and tlie quantity of blood lost is slight. Ubi 
established by direct loaa of blood. 
I In typhoid fever the progress of the anemia is oflcn greatly o 
acured by the concentration of blood in cases marked by severe dta 
rhea. In cholera the conditions are specially favorable for watery 
depletion of the blood and tissues and remarkably high counts have 
been recordetl in the late stages of this disease. 

Polycythemia of EndocarditlB, Venous Stasis, etc. — Very oumer- 
ons observations have shown that at some stages of endocarditis a 
marked polycythemia is established, and largely throngh tbo studies of 
Oertel and of Grawitz it has been shown that this concentration is 
found in conditions marked by chronic stasia, cyanosis, edema, and is 
! marked in the capillaries than iu the veins or arteries. The 
same condition is seen in chronic stasis from other causes. (Peiper, 
Grawitz,*) 

PhosphorQS Poisooing. — In cases of phosphorus poisoning of mod- 
erate intensity, but fatal, Taussig observed an increase in red cells to 
8.5 millions, V. Jaksch an increase from 4.3 to 8.2.'i millions, and Lim- 
beck an increase to nearly 8 millions. The fact that the polycythemia 
does not appear until tbe toxic symptoms are marked and usually 
subsides with them about the fourth or fifVh day, indicates that it re- 
sults largely from depletion of the blood through the voraitus. Von 
Jaksch found no simultaneous increase in the proportion of albumens. 
The lencocvtes are usuullv diminished, sometimes slightly increased, 
and the Hb-index is lowe^nl. 

lUuminating Qas PoiBOniBff. — Munzer and Palma and Limbeck 
have observed moderate (wlycythemia in three cases (5.7, 6.63, 5.7 
miltious), with slight Icucocytosis, 13,300 in one case. The condition 
must be referral to venous stasia. 

Polycythemia After Cold Baths. — An increase of red cells of .5 to 
1.5 millions has been observed by many writers to occur after the 
application of cold batlis. (Toenissen, Winternitz, Knopfelmaclier, 
Thayer.) The change is observed immediately after the bath and con- 
tiimes after cyanosis has disappeared and while the patient is shiver- 
ing, but soon disappears thereafter. It is often missing af^cr 15—20 
minutes. The leucocytes also arc usually increased (15,000-20,000). 
The condition is probably referable to concentration of the blood due 
to stimulation of the vaso-constrictors, and is probably more marked, 
if not exclusively present, in the peripheral capillaries. Yet some 
have suggested that a new formation of e«lls may be indicated by the 
change. It may be noted here that warm baths have a contrary eSeoCfl 



Influence of Therapeutic Measures on the Red Oells. 

Iron. — The remarkable effect of this agent upon the blood in suitable 
cases of anemia is seen in a rapid increase in the number of red cells 
and in a htter but rather more uniform increase of Hb. According ' 
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Hayem the effects of iron in chlorosis may be divided into two periods^ 
in the first of which the increase in red cells outstrips that in Hb until 
a normal number is reached, while in the second period the Hbof the 
new red cells is gradually brought to the normal. The appearance in 
such cases of many small red cells deficient in Hb has been commonly 
noted, but Stifler finds they are not equally abundant at all periods of 
the r^eneration of the blood, that the increase of cells occurs period- 
ically, and that at the height of the periods many pale cells are found 
which increase in Hb-content while the numbers of cells remain nearly 
constant. 

Again, Willcox finds a difference in the effects of small and of large 
doses of iron. When small doses are used the red cells outstrip the 
Hb but with large doses both increase in equal proportion. Laache 
also has observed equal progress in cells and Hb in cases of chlorosis. 
It would seem therefore that the regeneration of the blood under iron 
may follow any one of the above three courses, depending upon various 
circumstances which cannot here be further discussed. 

Hayem and Reinert have called attention to the tendency of the red 
cells to diminish slightly after reaching a normal number, until the 
restoration of Hb becomes complete. Of the two Reinert believes 
that the progress of the Hb is the more uniform. Limbeck finds that 
the red cells usually diminish for some days when the administration 
of iron is begun. 

Indications for the Use op Iron. — ^The specific effects of this 
drug being centered primarily on the Hb, the chief indication for its 
use and the best results are obtained in cases of pure chlorosis with 
marked loss of Hb and moderate reduction in cells. In secondary 
anemia its curative action is less certain. With the appearance of 
larger cells with normal or ino*eased Hb, the use of iron becomes much 
less ^ectivcy and when the Hb-index is above normal it seems to be 
entirely valueless. 

A large part of the effects attributed to iron may be obtained solely 
by the improved hygienic and dietetic conditions which are usually en- 
joyed during its administration. The influence of rest in bed, selected 
diet, baths, oxygen, massage, etc., has long been recognized as a very 
powerful adjunct in the treatment of anemia. But numerous observa- 
tions go to show that while the numbers of cells may be greatly in- 
creased by these means yet the complete restoration of Hb in severe 
chlorosis is seldom as complete or rapid as when iron is freely given, 
so that a specific influence of this drug must be admitted. 

Of the great variety of preparations employed at various times, prob- 
ably the more irritant preparations in large doses are still acknowledged 
to yield the best results when well borne by the stomach. 

The curative action of iron in anemia is still largely unexplained, but the 
theory of Binz appears to remain the most rational. Binz holds that in 
chlorosis, as a result of prolonged malnutrition, the absorption of iron from 
the food becomes deficient while its excretion through the liver and bile re- 
mains undiminished, and the blood becomes impoverished in this principle. 
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Bj' ddministeriog iron in large doses it is more reoi]!!)- absorbed and tbe^ 
ficieDcy is overcome. 

Bunge's theory, based ou Sir Andrew Clark's belief that cblomsis is an 
autointoxii;alion of intestinal origin, assumes that the iron administer*^ is 
not absorl>ed in increased quantity iiut exerts its curative iiiUueuve by neu- 
trulixing toxic agenls in the intestine. These assumptions have been lurgely 
disproved by v. Noordeu, Kcthen^ and Morner, who have demont>t rated that 
abnormal putrefactive processen in the intestine are not iiBually jirenpnt in 
cbluroflis, and by tlie demonstration that increased Ingestion of inoiysnic 
iron U followed by its increased absorption principally or exclusively in the 
duodenum. (Kunkel, Woltering, Halt, McCalluiu, Hochaus and Quincke, 
Cloctta, UuBTman.) v. Noorden's' conclusionit seem to embody the results 
thus far obtained, that while iron in the nucleo-proteid combinatiuus of tii« 
food is eoDstitntly available in chlorosis, it is either not absorbed or is not 
appropriated by the blood, whereas when given in large doses it is abtwrbed 
ia excess and exerts a specific influence upon the bone marrow. The prob- 
lem of the nature of this influence remains of course untouched. 



Araenic. — While iron is coDtraindicated by the appearance in the 
blood of mfigalocytes with increased Hb, tinder these circumstances 
arttenic TretjtieDtly exerts an almost specific effect in increasing the 
number of red cells and in stimulating the production and more 
uniform distribution of Hb. Its field is therefore chiefly in the 
severe and chronic anemio-s, but in the simpler forms the action of 
iron is often accelerated by combination with arsenic. Its therapeutic 
effects in disease are rendered more obscure by the fact that in health 
it causes diminution in the number of red cells. (Stierlin, Delpeucb.) 
Stockman and Greig claim to liave found evidences of increased for- 
mation of red cells in the marrow of rabbits nfler long use of arsenic, 
yot the number of red cells in the blood remained normal. 

Harcary. — Numerous observations upon the effects of mercury iu 
syphilis dating from those of Willwuchewitch, and Keyes, in 1874—6, 
to those of I^zius, and Martin and Hiller, in 18!)0, have failed to 
demonstrate that this drug, in tbera|>eutic doses, has any direct effect 
upon the red cells. It has lieen shown, however, that in doses beyond 
a limit which varies with individuals and circumstances, mercury usu- 
ally oatises a pi^mpt re<lueliou in Imth cells and Hb, and distinct 
anemia. It does not appear, from these studies, that the improved 
condition observed in the blotxi of syphilitics using mercury is separ- 
able from the removal of the virus and the CDnset)uent general im- 
provement in health. A reduction in Hb and cellH has been frequently 
observed soon af^er beginning mercurial treatment or after the drug 
has been pushed and seems to oontintie until the system Wcomes in- 
ured or the dose baa been reduced to a proper limit, so that the ex- 
amination of the blood, as shown by Martin and Hiller, may be made 
a valuable guide in the administration of this remedy. Most of the 
conflicting results reiwrted may be explained on the grounds that in 
doses beyond a variable limit, especially at the beginning of treatment, 
mercury reduces the cells and Hb ; tliut when the original disease is 
being successfully combated the anemia usually improves ; and that 
tpnn from its aniisyphilitic [towers the dnig has little effect upon 
bl(x>d. (Cf. section on Syphilis.) 



1 



OLIGOCYTHEMIA, 97 

Lead. — ^In cases of chronic lead poisoning the blood commonly shows 
a moderate grade of secondary chlorotic anemia. Zinn records an 
acute case with hemorrhages in which the red cells numbered 4 mil- 
lions, leucocytes 3,300, Hb 58 percent, s. g. 1.048. More severe cases 
have been reported with anemia usually in proportion to length of the 
disorder by Malassez, 2.2 million red cells ; by Limbeck, 2.2 millions ; 
and by Brochin, 1.3 millions. Hayem states that the anemia of chronic 
plumbism is characterized by its close resemblance to chlorosis, by the 
rapid decrease in cells while the patient suffers from colic, and by the 
absence of leucocytosis. Hayem saw no case with increased Hb-index 
but Malassez reported megalocytes and megaloblasts as abundantly 
present in some cases. 

This anemia is commonly attributed to gastro-intestinal disturb- 
ance, but Hayem referred it to destruction of cells from direct action 
of lead. 

Maragliano demonstrated increased globulicidal activity of the serum 
in chronic plumbism and Grawitz has noted considerable degrees of 
granular degeneration of the red cells. 

OLIOOCTTHEMIA. 

Hemorrhage causes a peculiar type of impoverishment of the blood in 
which the oligocythemia is associated with other important changes 
in the plasma. The progress of events in the circulation which follow 
a severe loss of blood involves the consideration of many physiological 
processes. One of the first effects is a lowering of blood pressure, 
which is followed by an increased flow of lymph and by a rapid trans- 
fusion of fluids from the tissues through the capillary walls. The fluid 
which replaces the lost blood is necessarily of different composition 
from the plasma and its addition to the circulation markedly affects 
the composition of the blood after hemorrhage. The lymph, being rich 
in salts and poor in albumens, and water from the tissues passing 
through capillary walls more readily than albumens, the blood when 
restored to its normal volume is found to be low in albumens, rich in 
salts, and poor in red cells. After rapid hemorrhages the alkalinity of 
the blood falls (Zuntz), and its content in sugar increases (Bernard, 
Mering), this principle being derived from the glycogen of the liver 
(Schenk), while the coagulability is much increased. The hydremia 
affects principally the plasma, but Herz found the relative volume of 
the red cells tripled ten hours after a very severe hemorrhage, indi- 
cating that they had absorbed much water. 

In small animals (rabbits) the restoration of the volume of blood 
takes place very rapidly and oligocythemia is observed almost immedi- 
ately after the hemorrhage, but in larger animals (dog, man) a distinct 
interval is required before the fluids have replaced the lost blood, and, 
according to Limbeck, 35-40 minutes may elapse before a distinct re- 
duction in red cells is observed after moderately severe hemorrhages. 

The changes in the number of red cells following hemorrhages are 
7 
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laomewhat irregtilur, but from the observations of Huherfaiitb, Lyod 
I Otto, Kr>e{)pc,^ Viola imd Juna, it has l>een shown that in dogs and ma 
[ a single large hemorrhage reduces the red eells in proportion oonsidcr- 
I ably less than the effect upon the volume of blood, beginning about 
I One-lialf hour after the operation, rL-aching u maximum effect in ;i— 4 
I days, and followed by a restoration to the normal number in l!)-34 
[days. (Lyon.) 

In smiill aaimals (rnbbtts) the ratv of docrea^ is more rapid, tite 
lowest point bdng reached in a few hours, and recovery also following 
earlier. With slow hemorrhages of lai^ extent (3-4 [>ereent) the 
minimum is reached in 1—9 days, de|>ending lai^ely u|)on the size of 
the animal, and recovery is complete in 14-2'2 days. (Huhnerfauth.) 
After lesser hemorrhages (1-3 [lerccnt) full recovery follows in Ti- 14 
days, while small losses leave no trace after 2—5 days. (Lyon.) Th«e 
periods dejwnd much upon the slate of nutrition, and it has been found 
tliut full diet, free supply of water, and transfusion of saliues, groitly 
accelerate recovery. Ehrlich believes that the contiuuous reduction in 
cells is partly referable to the solution of many of them as tlie plasma 
becomes more watery. 

During both phases, the Hb falls behind the changes in the cells 
(Otto, Reincrt), owing to the fonnation of numerous microcytes by the 
splitting of red cells, ^Koepjw.) Grawitz however does not believe 
tliat sueh splitting of red cells cah oceur. Xncleated red cells of nor- 
mal or very small size apjicar within a few hours and in large numbers 
afWr severe hemorrhage, and even after small losses, if sudden. That 
tliey arc drawn into the circulation mechanically is indicated by their 
usual absence after alow bleedings of much larger extent. (Zenoni.*) 
Changes in the size nnd shape of the cells are commonly obsen,'ca 
especially after large bleedings. Microcytes and slightly enlarged 
megalocytes usually appear in 2—4 days, at the period of greatest oligo- 
cythemia. (Koeppc.) The extent and duration of these changes de- 
pend largely on the grade of anemia established. Polychromntophilia 
IS usually marked within '24 hours. 

Healthy men recover rapidly from moderately severe hemorrhages 
and so completely that the red cells may be more nunienms than be- 
fore, from apparent over-stimulation of the marrow. (Otto, Hall and 
Eubank.) Small and re|>cated hemorrhagen, on the other hand, have 
led trt some of the most severe forms ofanemia ever reeorded, in which 
the morphologiuil changes of pernicious aueniia are pronounced, but 
the prevailing feature of the bl»K>d is the loss of Hb, 

The leucocytes are usually, but not nW'ays, much increased (20,CH)0- 
40,000), the neutrophile cells being most affected, the eosinophiles 
sometimes appearing in considerable numbers (Lyon, Hall and 
Eubank), and the small lymphocytes showing a relative increase. 
(Kieder.) Ehrlichand I^azarus found 13.7 percent of myelocytes in a 
marked post-hemorrhogtc lcnco<^-ytusi8, and in one of the writer's cases 
of splenectomy with profuse hemorrhage the blood for some days 
closely n's^^^mbli-il tliut of myeli)gciioU8 leukemia. 
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The pod'hemorrhoffic leucocytosia is referred by Virchow to the re- 
tention of cohesive leucocytes in the small vessels, by Ehrlich to their 
active new production in bone marrow, and by Rieder to the outpour of 
the lymph. It is usually persistent in some degree till the regenera- 
tion of the blood is nearly complete. 

From very extensive observations in Mickulicz' clinic, Bierfreund 
found that the r^neration of the blood is most rapid in male sub- 
jects between 20-40 years of age, is considerably earlier in males than 
in females, and in adults than in children or old persons. A loss of 
5 percent Hb was found to lengthen the period of regeneration 2-8 
days. The minimum percentage of Hb was reached, after a loss of 10-15 
percent, in 3.5 days ; after 16-20 percent, in 5.8 days ; after 21-25 
percent, in 6.5 days; after 26 percent, in 9.6 days, and in women 
usually one day later than with men. 

It is significant that in Bierfreund's tables there are no averages on 
patients losing more than 30 percent of Hb, indicating that when a 
surgical operation causes a loss of 30 percent Hb it is usually fatal. 
Mickulicz attempted to deduce from this fact the rule that no opera- 
tion should be undertaken unless the patient could stand such a loss, 
but it is difficult to see any great practical application of such a rgle. 

Bierfreund's Table, Showing Average Time of Full Regeneration 

OF Blood After Hemorrhage. 



Lo«s of Blood 

in 




Sex. 








Age (yrs.). 






Hb^. 


M. 


1 F. 


1-10 


10-20 

13.2 
19.0 
21.3 


20-30 

10.8 
12.5 
17.6 


30-40 
10.4 


40-60 


60-60 


60+ 


10-16 


12.7 
17.9 
20.3 
27 


il7.1 days. 
23.6 
23.6 
31.3 


20 
21 
22,5 


16 


17. 

22.7 
28.0 




1^20 
21-25 


16.2 


21 
19 


23.8 
27. 


26 




1 



















Anemia Following Repeated Small Hemorrhages. — While very marked 
changes in the blood following a single large hemorrhage may be rather 
promptly restored, the regeneration is very greatly retarded after even 
one repetition of the hemorrhage, and when they are frequently re- 
peated, there is soon established a severe form of chronic anemia. It 
does not appear that this anemia differs greatly from other equally se- 
vere secondary forms, but it is usually characterized by marked reduc- 
tion in the albumen (less of the globulin) of the plasma and serum ; by 
lowering of the dry residue and ash, due to loss of Fe, P and K, which 
more than balances the increased Na ; and by lowered alkalinity. 
Besides the actual withdrawal of albumen, repeated hemorrhages seem 
to have almost a specific effect in increasing fat formation at the ex- 
pense of albumen both of the blood and tissues. (Leube.) 

The loss of red cells is here an accurate measure of the grade of 
anemia and all ordinary forms of their degeneration are observed. In 
mild cases the loss of Hb is relatively slight but in some severe cases 
the Hb-percentage and index are very low. On the other hand there 
can be no doubt that the state of the blood following repeated small hem- 
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orrhages canpot alwaya be diBtipguiahed t'nun tliat of primary pemici 
anemia with iDcreasetl Hb-iodex. Aaetnia from bemorrhages is one 
of the Becondarv forma most commonly marked by leucocytosis, yet 
tbia feature ia ofleD not marked and is uot infrequently absent, 

Witb man and animals tlio clinical elfects of hemorrha^ vary 
greatly among iudividuab. Bechampund Huhnerfauth find that doga 
withstand the loss of 3 — 1 percent of the botly weight, ;ii)— 4(1 [H-n-eiit 
of the total volume of blood, if the loss is gradual, but may pt^ri^h uf\er 
anudler but more rapid bleeding;^. Aa a nde the smaller the animal 
and the more rapid the hemorrhage, the mure aevere are ila effects. 
Adult male subjecta uaually die if losing rapidly r»0 percent of the 
blood, but may anrvivc much greater losses from slow b1ei.<<liiig. 
Children are much more susceptible and may die after very amall 
hemorrhages, if rapid, while women withstand effects of hemurrhage 
much better than children or men. The regeneration of the blood 
however ia more rapid in men than in women. (Bierfreuud.) 

The quantity of blood which may be lost without causing death 
varies greatly among individual meu and animals, as the following 
table will illualmte: 



Limits oy Hemorrhauk from which Rrcoveby i 



1 BBEN OBBSBTKD. 



AMkor. 


AbIbmL 


fc£?^Si3Sto* 


t«uiali>r 


Door 




UmbtMt. 

M>n. 
Woman, 


4.58 

a, 


4.33-6.56 

4.3-7.3 

5.4H-0,57 

fi.4 6.14 
(even l«lwaj» 
chance.) fatal.] 

3.' 


50 

50 
32% 

11% 






J 




■ 




■ 


BCIUBID 


1 






Amli*!, Behier. 


1,S9!,(W) 






1 



TKANBFUSION OF SALT SOLUTION, BEBUM, AND 
DEFIBBINATED BLOOD. 
Siegil and Sehmm Ixitli liiittid no improvement in tin.' regeneraf 
of the blood from the transfuaiun of salt solution or of aerura in ani- 
ninb after bleeding, and while it has since lx^en shown that (he rc^u* 
eration ie somewhat more rapid and complete ader salt infuaiuu, yet 
this procedure must be regarded as of more value as a means of aaving 
life than as a stimulant to IiUxmI formation. The direct effeeta on the 
blood of infusion of defibrinated blooil seem to l>e much more favomblr. 
On the other linn.l, alh-r the Iriinsfusion of bl.M»d the alwve ob^ervM 
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and others, have found a rapid increase in the number of cells, and 
Bizzozero reported the same effect after transfusion of defibrinated 
blood in animals. Quincke was one of the first to note an increase in 
red cells in pernicious anemia as a result of transfusion of blood, and 
similar observations have been made by Ziemsen in anemia and 
scurvy. It would seem from the observations of Bizzozero and of 
Bareggi that the red cells are quite resistant to the process of defibri- 
nation and injection. Of the immediate effects of salt infusion upon 
the blood of the human subject there are a few reports at hand, which 
indicate that it has considerable influence in lowering the numbers of 
red cells and increasing the leucocytes. 

OBiam OF SEOOKDABY ANEMIA. 

The anemia associated with acute and chronic diseases is a result of 
many factors of varying prominence in different conditions, and re- 
quiring consideration in detail. 

Diminished Nutrition. — Since the digestive powers are largely in 
abeyance in severe febrile states, the loss of the usual supply of albu- 
minous principles must figure to some degree in the impoverishment 
of the blood. Although the complete withdrawal of food in healthy 
men leads to a simple '' atrophy of the blood," with other tissues, marked 
by diminution in bulk, polycythemia, etc., but not to anemia (Hei- 
denhain, Voit), it by no means follows that similar results would occur 
in disease, while distinctly anemic conditions are known to result from 
improper quality of food. (Lichtenstern.) Grawitz (p. 69) has found 
that food deficient in albumen may cause a diminution in the albumen 
of the plasma, which may be demonstrated within 4-8 days, is more 
marked when the subject is exercising, and later affects also the num- 
ber of cells. 

Diminished Activity of Blood-forming Organs. — Simultaneously with 
the loss of digestive powers, it can hardly be doubted that the normal 
process of red cell formation must be interrupted in most infectious dis- 
eases. This conclusion may be based upon the known effects of tox- 
emia upon cellular processes, or the absence of normal stimulus from 
absorbed food products, and upon anatomical conditions demonstrated 
in the bone marrow. Regarding the last factor it may be said that the 
leuoocytosis of pneumonia is associated with proliferation of myelo- 
cytes in the marrow at considerable expense of normoblasts, and in 
typhoid fever the normal relations in the marrow cords are greatly dis- 
turbed by congested, dilated, or even ruptured sinuses. 

Increased Oonsnmption of Albnmens. — The toxic destruction of albu- 
mens in fever has been fully demonstrated by Hallervorden and Leube,* 
and their products noted in the increased excretion of urea, of urinary 
pigment (Jaffe), and potash salts (Salkowski). While the tissue proteids 
suffer most in this process it is but a step to the source of these prin- 
ciples in the blood. That the albumens of the blood and tissues suffer 
in some degree in afebrile cachexias is indicated by the results of 
Muller's studies on metabolism in carcinoma. 
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Cells. — The increased globiil 
mid septic processes is uDdoubtettly 
laution of red noils, and has been 
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Increased Dastmction 
activity of the serum In infectioii! 
a most iwtent agency io the di 
demonstrated by Maragliano in carcinoma, pneumonia, typhoid fc\-cr, 
erysipelas, tuberculosis, and many other conditions. The very rapid 
deglobiilizallon observed in malifriiant endocarditis and septicemia 
leaves abundant evidence of this ]]eciiliar proeces also in the pigment 
deposits found in tlic viscera. Of the sources of the globulicidul agent 
little is known, but it is certain that the products of disordered lisAue 
metabolism and bacterial toxines are capable ofdiasolving red cells when 
injected into the circulation. Fischer and Adler saw the red cell* fall 
from 6 to 1.3 fnilliuns in 7 days after injections of strcpttK-oecus cul- 
tures into a rabbit ; and Grawit?- could find only 300,000 red cells in 
a remarkably rapid cose of streptococcus septicemia in an adult woman. 
Bianchi-Mariotti fonnd a marked losa of Hb in direct proportion to the 
quantity of culture used, after injections of cultures of Ji. t^{iho»\u, 
cholera, antfira^c, etc. 

There is abundant evidence to show that in many conditions aa>M>- 
ciated with acute infection and resulting from chronic cachexia llu- red 
oclla are abnormally fragile. Of such evidence may be mentioned the 
occurrenw of paroxysmal hemoglobinemia on slight exposure to cold, 
and the rapid development of anemia in many mercurialized subjects. 

Lobs of Blood by Hemorrhase and Exudation. — Perhaps the majority 
of severe cases of swondiiry anemia rcsidt from the complication of llie 
original disease by single or rijiealcd hemorrhages. Poat-typhoid 
anemia is usually slight aud somctimi'S absent if there have been no 
bleetlings from the intestines, and cancerous caeJiexia is very promptly 
aggnivate<I when ulceration and hemorrhage supervene. Much iif the 
anemia in ancJiylostomiasis is referable to minute hemorrhages. 

Of the depicting effect of nibuminuus and bloody exudates goo<l ex- 
amples are seen in the acute anemia of exudative nephritis (Dieballa), 
end in the hemorrhages of the infi-ctiuiis purpuras, tuberculous pleuriity, 
aud malignant endocarditis. 

Chronic suppuration ieadi» to a peculiar form of cachexia with waxr 
changes in the viscera, and st^'vere anemia, 

By the interaction of these various factors there usually reaulls in 
infections disi-ase^ and cachexias a certain gncle of secondary anemia. 
Yet notwithstanding the many contributing causes, acute infectious dis- 
eases, f. fj., typhoid fever, may nin their course with no demonstrable 
reduction in red wlis, and it is a rule of frequent application that as- 
sociated conditions in those diseases ol)scure the actual stale of the 
blood and tend to diminish or exaggerate the true degree of anemia. 

The jHilycy tlicniia of cholera Is an example of one extreme condition 
of this sort, partially illustrated also by the slight polycythemia some- 
tiroes observed in typhoid fever. 

In dropsy the state of the blood acwjRls with the watery condition 
of the tissuen, and anemia is apt to be exaggerated. Grawitz has found 
that injection.^ of extnict of cancerous tumor greatly accelerate the 
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of lymph into the circulation and are followed by reduction of red 
cells. 

The morphologioal changes in the blood of secondary anemias have 
been rather fully described in an extensive literature upon this subject 
and will be detailed later. Of the chemical changes very much less is 
known, although it can readily be seen that the varying prominence 
of the above factors probably leads to very different chemical altera- 
tions. To what extent constant chemical peculiarities can be estab- 
lished for the secondary anemias of widely different origin, e. g., hemor- 
rhages, and syphilis, remains to be decided, but at present there is no 
evidence to show that any uniform chemical changes distinguish one 
form of secondary anemia from another. (Ehrlich.) 
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CHAPTER IV. 

THE LEUCOCYTES AND LEUCOCYTOSIS. 

Morphology. 

In fresh blood leucocytes are colorless rather highly refractive bodies 
usually larger than red cells, cohering to one another and to the glass, 
and exhibiting a highly refractive, com|)act, or, in the large mononu- 
clear cells, vesicular nucleus. Granules are invisible in the normal 
mononuclear cells of the circulation, but in the others minute opaque 
(neutrophile) granules are distinctly apparent in the polynuclear cells, 
and large greenish refractive granules serve to fully distinguish the 
eosinophile cells. The protoplasm of the mononuclear cells is homo- 
geneous, and refractive in the lymphocytes, transparent in the large 
mononuclear. Ameboid motion begins promptly, es{)ecially on a warm 
stage, in the finely and coarsely granular cells, becomes most active 
usually after 20—40 minutes and may persist for hours. The hyaline 
cells may protrude blunt processes but do not execute true ameboid 
movements. In some later stagt^s of ameboid activity the granules 
may show extremely active, vibratory, dancing, and swarming move- 
ments in coll IxKlies or processes. These have been regarded as 
Brownian movements or as indicating structural changes of approach- 
ing death of the cell. In many cells, esi)ecially in anemic blood, there 
appear from the first large and small clear spheroidal areas which on 
staining api)ear to be divided among watery vacuoles, or granules of 
fat, glycogen, or other degenerative pnKlucts. 

Varieties of Leacocjrtes. — In sixiiiml specimens four varieties of 
leucocytes may be distinguished, viz.: 

1. Lymphocytes. 

2. Large mononuclear leacocytes. 

*]. Polynuclear neutrophile leucocytes. 

4. Eosinophile leucocytes. 

1. Lymphocytes arc slightly smaller or larger than the red cells, 
with a narrow rim of strongly basophile homogeneous or coarsely 
reticulated protoplasm, and a compact or coarsely reticulated, spheroidal 
nucleus. Protoplasmic granules are almost invariably absent, but in 
most of the larger cells the reticulum shows nodal thickenings which 
are sometimes difficult to distinguish from protoplasmic granules. Like- 
wise the nuclear reticulum may show nodal thickenings or circular 
rings resembling nucleoli, but these cells contain no true nucleoli. (Cf. 
Ehrlich, Die Anaemic, I., p. 47.) While the nuclei of lymphocytes 
are usually spheroidal, there occur in normal blood, and especially in 
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lymphemia medium-sized, strongly basophilic hyaline leucocytes with 
incurved or subdivided nuclei, which must be classed with lymphocytes. 

2. Large mononuclear leucocytes may be only slightly larger than 
lymphocytes, but many of them are the largest cells seen in normal 
blood. Their protoplasm is slightly basophile and very finely reticular , 
with nodal thickenings often resembling granules. Their nuclei are 
vesicular, rather coarsely reticulated, with one or two central nodal 
thickenings resembling nucleoli, and may be circular, or horseshoe- 
shaped (transitional leucocytes), or elongated. In Elirlich's triacid 
solution the bodies of mononuclear basophile cells stain very faintly 
red. (Plate I.) 

3. Polynaclear ^ lencocytes are two or three times as large as the 
red cell. Their protoplasm is reticulated and possesses as inte- 
gral parts of the reticulum protoplasmic neutrophile granules in con- 
siderable number. The reticulum is otherwise very slightly basophilic 
and may be demonstrated, with basophilic nodal thickenings, by 
methylene-blue. . (Plates IV., VI.) Their nuclei are elongated and 
constricted, or composed of two or more lobes usually connected by 
threads of chromatin. These lobes are coarsely reticulated and usually 
possess a central nodal thickening. They may become completely 
separated from each other. 

4. Eosinopliile leacocytes vary in size from that of lymphocytes to 
that of polynuclear leucocytes. Their protoplasm contains large 
strongly acidophile granules which are believed to be integral parts of 
a cytoreticulura. (Heidenhain, Gulland.) Their nuclei are coarsely 
reticulated and usually bilobed, the lobes are more often separate than 
in the neutrophile cells, and they stain rather faintly with nuclear dyes. 

Leacocjrtes in PathologicaJ Blood. — Besides the above forms of 
colorless cells which alone are present in normal blood, other types of 
cells are seen in the circulation in disease. 1. Myelocytes are mono- 
nuclear cells with neutrophile or with eosinophile granules. Three 
types of myelocytes should be distinguished, (a) Ehrlich's mye- 
liOCYTE is a medium-sized cell with pale, usually central nucleus, 
and neutrophile granules. It is found in many diseased conditions, 
especially in leukemia and secondary anemia. (Plate VII.) (b) 
Cornil's myei.oc\'te is a large cell, much larger than a poly- 
nuclear leucocyte, with pale eccentric nucleus and neutrophile gran- 
ules. It is found almost exclusively in myelogenous leukemia, and 
less frequently in v. Jaksch's anemia. (Plate VII.) (c) Eosinophile 
MYELOCYTES may resemble the eosinophile cells of normal blood except 
that their nuclei are single. Such cells are abundant in myelogenous 
leukemia, occur not infrequently in v. Jaksch's anemia, and have been 
found in myxedema by Mendel, in some infectious diseases by Turck, 
and in pernicious malaria by Bignami. Or their granules may be of 

* The attempt to displace Ehrlich's old term "polynuclear" bv the unfortunately 
derived ** polymorphonuclear'* seems to the writer ill-advised. The former designa- 
tion has become (irmly established, never leads to confusion, and seeing that polymor- 
phism characterizes nuclei of other mononuclear cells, and that the lobes of the neu- 
trophile cell are often separate, there appears to be no gain in accuracy by such a change. 
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excessive size, in whicti case they are pathognomonic of myologenous 
leukemia. {Plate VII.) 

2. Hast-eella are moDODiielcar or polyiiuclear cells of ditfercnt sizes, 
whose characteristic feature is the presence of lai^and small stmngly 
bosophile granules. These granules do not reflect the pure color of 
many stains but are metachromatic, especially with thionin. An iso- 
lated raust-cell IB not infrequently seen in normal blood, but when 
present in any considerable numbers they are [mthoguomonic of myelo- 
genous leukemia. (Plate X., Fig. 1.) ^H 

The Classification of Leucocytes. ^M 

Although the leucocytes were discovered hy Nasse in 1835 the firat 
Bclieme of classification based upon their supposed points of nrtgiu was 
' offered by Virchow who divided tlie colorless cells into lympkociftrs 
derived from the lymph-nodes, gpleiioci/teti fn»m the spleen, while p<ilr- 
nuclear cells he regarded as developmental forms of the mononuclear. 
Similarly, Einhom, a pupil of Ehrlich's, classed the leucocj'tes as : (1 ) 
lymphocytes, small and large, derived from the lymph nwles, (2) 
myeli^enous cells (eosinophiles) from the marrow, and (3) large mono- 
nuclear, transitional, and polynuolear cells, from spleen or marrow. 

In 18C5 M. Schultze described the leucocytes as (1) non-granular 
(large and small mononuclears), (2) finely granular (neutrophllcs) and 
(3) coarsely granular (eosins and mast-cells). He believwl that all 
granules and cells represent developmental forms of one series. 

Ixiwit's classification, liased on the morphology of the nucleus, in- 
I olude<) small and large mononiicloar cells (lymphocytes), " transitional " 
leucocytes, and jjolynuclear leucocytes, m^rding solely the nucleus, 
Lowit found no difGculty in deriving all leucocytes in one aeries of 
oells. It remained for Ehrlich to establish the essential distinction be- 
tween loiicocyti'8 by demonstrating specific microchemical reactions in 
the granules of Schultze. 

Ehrlich divided the aniline dyes into three main groups. (1) Basic 
dyes, as hematoxylon, methylene- blue, thionin, etc., act as base.", unit- 
ing, with selective power in the order named, with the ncid principles 
,of cells (nucleinic acid). (2) Acid dyes, as eosin, fuchsiiie, auruntia, 
act as acids, and unite with the basic principles of cells. (3) Neutral 
dyes. When certain basic and acid dye.-^ are mixed a compound is 
formed of modified staining qualities which unites with certain cell 
structures not readily stained by other methods. Such a mixture 
Ehrlich calls a neuirnphite utain, an example of which is the triacid 
mixture. Neutral red seems also to fall in this class- 
According to their r(.'nctionB to these dyes the granules of leucocytes 
l< in human blood may be divided into three main groups, biisophile, 
icidophile (oxypliilc), and neutn)phile, and on these grounds the present 
claisitioation of leucocytes is baseii, as follows : 

1. Buophile Oells: Mast cut.is {Y-t/ranule^). Granules strongly 
basophile. LYMPiiooii'Ttx. Protoplasm strongly Imsophile. Larob 
MONONUCLEAR i,Ercoc\TEfl. Protoplasm slightly basophile. 
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2. Neutrophile Oells : Polynuclear leucxxjytes. Neutrophile (e) 
granules. Myelocytes. Neutrophile granules. 

3. Eosinophile Oells : Eosinophile leucocytes. Large aeidophile 
granules, {a-granvles.) Eosinophile myelocytes. Large aeidophile 
granules. 

Ehrlich also described granules which are amphophile, stain by both 
basic and acid dyes, and are found in some marrow cells, and d-granulcs 
which are small basophile granules said to occur in some mononuclear 
cells. 

It is impossible here to consider all the objections raised against the 
specific quality of the reactions demonstrated by Ehrlich and espe- 
cially the limitations shown to exist in the application of his principles 
to other tissue cells. At present it must be admitted that while there 
are rather narrow limits between which the reactions of granules may 
vary, yet each class of granules is peculiar to one cell and transitional 
stages have not been demonstrated, while the separation of leucocytes 
according to the chemical character of their protoplasm is a much 
more exact classification than one on any other basis. While the 
original views attributed to Ehrlich have suffered considerable modifi- 
cation since it became evident that the granules of many tissue cells 
though of variable composition may give identical reactions to dyes, 
and that the granules of the same leucocytes may stain differently, yet 
the wisdom of his classification is shown by the evidence which has 
accumulated regarding the significance of these granules. 

Finer Structure of Leucocjrtes. 

Recent studies have considerably increased the knowledge of the 
minute structure of leucocytes. 

For many years opinions have been at variance regarding the struc- 
ture of the protoplasm of basophilic cells. It is now evident that the 
bodies of these cells show the reticular structure of ordinary protoplasm 
and that any granules normally present in them are fine nodal thicken- 
ings of this reticulum. Moreover such nodal thickenings when most 
prominent do not have the shar]> character of the neutrophile or eosin- 
ophile granules, and these cells are properly regarded as non-granular. 
It has been shown by Arnold, Gulland, and others, that the neutro- 
phile and eosinophile granules are connected by threads with the retic- 
ulum of their cells and are thus integral parts of this reticulum (plas- 
matic). 

Under suitable conditions, in thinly spread, rapidly dried, densely 
stained cells, it is apparent that the cytoreticulum of large mononu- 
clear, neutrophile, and eosinophile cells, is directly continuous with the 
nuclear network and that the clear space sometimes appearing to sepa- 
rate nucleus from body is artificial. (Gulland.) 

Oe}itro8ome8 have been demonstrated in the leucocytes of lower ver- 
tebrates by Flemming, Arnold, Van der Stricht, Hermann, Heiden- 
hain, and in human blood cells by Gulland. These bodies show no 
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special affinity for any dyes but are best deinontitniteii by basic 
They have b-'on stained by saETrauiii ami gentian- violet (Klemtnii __ 
aud by melhylene-bliie (Gnllanil). In Iiimuin bliwd llicy are ex- 
tremely minute and their demonstration ap|>eun> to be a very uncertain 
undertaking. 

Small circular meshes sometimes appear In the nuclei of lymphocytes, 
as depicted by Ehrlich, but while these ap{>earanee8 resemble nunleoli 
it does not appear certain that tbeir gignifii^amx.' is really such. Tbe 
only colorless cells in the blood in which the writer has been able to 
find distinct nucleoli are endothelia. 

SignifieaiKK of Cell-grannleB. — The theory of the higher eignilioauce of c«ll 
granules was first elcurly elated by Altmanu, although it was nuggeated by 
Ehrlich in his early studies of tbe granules of leucocytes. Instead of being 
degenerative or excretory priMluctit, it is now apparent that Iheji are a ttvrt- 
lory product, and rtprftftU thf center of tlie tpecific futiction of the cell. 

Strong evideuce in favor of this view wa« furnished in the demuiiBt rations 
by Heidenbain, Arnold, Gullnnil and others, that the granules are not para- 
pUutic, that is, loose particles separate from the cytoreliculum, like fat, 
melanin, etc., but are plasmatic, i. «., integral parts of the cytoreliculum. 
The specific quality of the granules is also indicated by their chemi<nl and 
tinctorial reactions. The differential chemical characters of the neutrophile 
aud eo^inophile granules uill bo cont^dered later. (See Chapter V.) Al- 
though the granules of every cell of the same type may not all stain ex- 
actly alike, yet when submitted to fine chemical teste, one cell Is found to 
ContainonlyoDekind ofgranule. The studies of Knoll, Hirscbfeld, KurluH', 
and others, upon tbe leucocytes of lower animals have ahowu that the wandt^r- 
ing uellsof vertebrates and inveriebrateepoBBess granules whieh are peculiar 
to each animal and are strictly limited to separate types of cells. Ehrlicb 
regards the opposite behavior of diH^rent cells under different chemoloctJc 
Influences as evidence of tbe siieeille nature and (Vinction of each variety uf 
leucocyte and of its peculiar granule. 

While the above considerations point to the secretory nature of th* 
granules, the exact function of the secretion has not been demonstrated. 
Altmanu believes that they furnish oxygen for the metabolic proccnes of 
the cell. Ehrlicb once (1891) regarded them as a sort of reserve material 
destined for use within the cell, but has not expressed himself recently on 
this iHiint. Uankin,' Kanthack, Hardy and Keng, apply the term al^cimm 
to the secretory granules of leucocytes, and believe that they are destined to 
be thrown out into plasma or lymph and to exert a bortericidal or antitoxic 
iulluonce. Bherrlugton and most observers cannot find sufllcient ground for 
the acceptance of this view. Metchnikoff ' refers to the granules as reserve 
material, but does not point out their exact destination. 

Numbers of Leucocytes. 

The first estimates of the niunlxT of leucocytes in the cubic milli- 
meter of bl(X)d were made by Samuel ami Wekker and were generally 
accepted for some yenr^. Malasscz, with his improved metho<l, con- 
Bidcmbly reduced these older figures. With the iotroductian of 
Thoma's instrument still more accurate estimates were secured which 
remain undisturbed at the present lime, and agree fully with the more 
rceent results obtninetl by Uieder, Rcincrt, and Limlx-clc. 

Tbe following table is compiled from the chief ooDtributiona on this 
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In estimatiDg the leucocytes in both health and disease one is con- 
fronted by a great variety of disturbing factors, including the causes of 
distinct physiological leucocytosis, the individual peculiarities of the 
subject, and the ordinary variations in the local condition of the part 
from which the blood is taken. All that has been said regarding ac- 
cidental variations in red cells applies equally to leucocytes, and one 
must carefully consider the effects of vaso-motor phenomena, of changes 
in the volume of plasma, and of the presence of inflammation or edema. 
It should be remembered that while the leucocytes remain nearly uni- 
form in the great vessels, their proportions in the capillary circulation 
may change more rapidly than those of the red cells, owing probably 
to chemotactic influences. The most common sources of error may be 
avoided by taking specimens about 4 hours after a meal, and at the 
same hour each day. 

Proportions of Various Forms of Leucoc]rtes. — ^The proportions 
of the different forms of leucocytes in normal blood are even less fixed 
than their numbers. Ehrlich's figures may well serve as a standard 
for healthy adults. 

Lymphocytes, 22-25 percent. 

Labqe mononuclear and transitional leucocytes, 2-4 per- 
cent. 

POLYNUCLEAR NEUTROPHILE LEUCOCYTES, 70-72 percent. 

E06INOPHILE CELLS, 2-4 percent. 

Mast-cells, ,6 percent. 

The chief variations from these limits which deserve mention are 
the maximum percentages given by Rieder for lymphocytes (30 per- 
cent) and by Limbeck for polynuclear leucocytes (80 percent). In 
childhood the proportion of lymphocytes is usually much increased 



(55-66 percent), and that of polymiclear cells correspondingly did 
JBhed (28-40 percent). (Gundobin, Rirdtr.) 



Degenerative Changes in Leucocytes. 

While degenerative ehanges in leucocytes have always been reoop- 
nized as necessary processes iu degenerating tissues in which ihe leu- 
cocytes were lodged, references to acute degenerative changes io leu- 
cocytes of the circulating blood have been so scanty as to lead some 
writers to deny their existence. It therefore liecomcs necessary to 
oousider brieSy the general evidence at hand oonccnnng the occurrence 
and siguificauce of such changes in circulatini; leucocytes. 

It was perhaps Lowit's claim that leucocytolysis necessarily precedes 
leucocytosis, which called ejiecial attention ii> recent years to the de- 
struction of leucocj'tes in the circulation. Although Lowit's claim 
cannot be fully supported, the fact that the majority of leucocytoses 
are preceded or accompanied by the destruction of many leucocytes in 
the circulation has be^n amply proven by the work of UskoET, Botkin, 
CiabritBchewsky,'Engel, Klein, (roldscheidcrand Jacob, and many others. 

E. Botkin followed up the subject in a series of experimental and 
clinical studies and showed that in I-pereent solution of peptone and 
in the fresh plasma of various infectious diseases, all leucocytes dissolve 
and disapi>ear with varying rapidity. The lymphocytes pn>ved most 
resistant. The changes described by Botkin were of an extensive 
variety but the principal features includt-d the formation of coarse 
granules in mononuclear cells ; extrusion and loss of granules from 
[Milynuclcar cells ; formation of vacuoles and clefts ; fragmentation and 
solution of cell-bodies ; formation of blood plates; swelling, fading, 
shrinkage, subdivision and final disappearance of nuclei. Comparing 
these experimental changi'S with those observed by himself or reported 
by others in infectious diseases and in leukemia Botkin declared that 
no cjximituUtoH of Ihe bloorl <rin br coiwidered complete which taiva out 
ofaecouat Uie degenerative chnngeg in leucocytes. 

The princi[)iil contributioua which seemed then (18£t6) to justify 
Botkin's claim were those of Hankin, who found in the extrusion and 
loss of granules of the rabbit's leucocytes the source of bnclericidal 
alexines, of Haetaguroff, who ob8cr\'cd various degenerative changes Id 
the leucocytes of typlioid fever, of Kngel, who described a variety of 
changes in the leucocytes of an anemic child, and of Gumpreelit, who 
called special attention to the pathological changes in the leucocytes of 
leukemia. 

In 1895 the writer described degenerative changes in the leucocj-tes 
of diphtheria. Similar lesions have since been rei>orted by File, who 
regarded many of the altered cells as dead, and by many others. 

In the absence of more extended observation it seems best to merely 
describe rather than attempt to accuralcly classify the pathological 
changes in leucocytes, yet a tentative class ification may be employed 
for convenience sake. 
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Acute Degeneration of Leucocytes. — This process is best demoD- 
strated in acute infectious diseases, especially in severe cases. As seen 
in diphtheria the alterations affect both body and nucleus. 

In diphtheria the writer believed he could detect an increased acido- 
phile staining tendency in the neutrophile granules, a conclusion which 
he is disposed to retain, seeing that Kanthack had previously found 
that the pseudo-eosinophile granules of the rabbit may be made to show 
increased acidophile tendency and higher refractive quality by the 
injection of minimum immunizing doses of microbic poisons. This ob- 
servation, however, has not been further confirmed. That this change 
when it occurs belongs in the degenerative series is not clear, but it 
may be seen in cells which show other distinct signs of degeneration. 

Diminution in the number of neutrophile granules is commonly ob- 
served in the polynuclear cells in acute leucocytosis. This abnormality 
may progress till very few granules are left, but their complete absence 
is seen principally in chronic leukemia. It is usually associated with 
marked nuclear changes. Eosinophile cells may be similarly altered. 

Swelling and firagmentation of the bodies of leucocytes is commonly 
observed in acute leucocytoses. It is probable that many of the torn 
and distorted cells seen in dry preparations have undergone degenera- 
tive changes which have favored their complete destruction in smear- 
ing. These cells have been described as " leucocyte shadows '* (Klein), 
a term well suited to recall their torn bodies, scattered granules, and 
faded nuclei. 

The reticulum of large and small mononuclear cells in leukemia and 
in severe acute toxemia may grow coarser and at times granular, Bot- 
kin has described the appearance of granules in the dissolving lympho- 
cytes of shed blood. Some of the lymphocytes of leukemia appear to 
be distinctly granular. Ehrlich depicts the separation of small periph- 
eral fragments of the protoplasm of lymphocytes. Globular projec- 
tions from such cells are frequently encountered but it does not appear 
certain that they represent degenerative plasmoschisis. 

Nuclear changes appear to be the most significant of the lesions of 
acute degeneration of leucocytes. In fresh or dry specimens the nuclei 
stain less densely with basic dyes, their outlines are irregular and the 
lobes shrunken. The degeneration may follow the type of karyolysis, 
with swelling and loss of chromatin, or of karyorhexis with hyper- 
chromatosis and subdivision of lobes. (Gumprecht.) In acute leuco- 
cytosis the former type is more usual, but in leukemia, the latter form 
is abundantly seen. (See Plate IX.) While the lobes of the normal 
polynuclear leucocytes are almost invariably connected with a thread 
of chromatin, many of the cells in severe acute leucocytosis show com- 
plete subdivision into 3-6 separate segments. 

Ohronic Degeneration of Leucocytes. — In diseases like leukemia in 
which peculiar chronic changes in white cells are prominent, many of 
the alterations commonly seen in acute degeneration are also present. 
Thus, in myelogenous leukemia one finds leucocytes showing loss of 
granules, presence of vacuoles, granules of glycogen, faded irregular 
8 
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nnolei, and dietortion and fragmentation of cell-bodies. Some of wV 
cells in lenkemic blood, however, exhibit changes which at least In 
their abnndunee are characteristic of the disease and which seem cer- 
tainly to be the result of chronic processes. 

Complete loss of neutrophile granules may be observed tn many 
oella, both polyuuclear and mononuclear, in leukemia, less frequently 
in other conditions. The celt body remains slightly acidophile, while 
the nuoleus commonly shows degenerative changes. (Plate IX.) 

Obmpfele mibdiviaion of nuclei of polynuclear cells into 6—10 hyper- 
chromatic segments is a rather cliaracteristic appearance in leukemic 
blood, and is usually associated with complete loss of granules. (Plate 
IX.) 

Hydropic Degeneration. — In fresh blood many leucocytes may be 
found whose nuclei are indistinct or invisible and whose bodies contain 
many large and small vacuoles bounded by homogeneous or granular 
reticulum. These disintegrating colls are siwcially abundant in ma- 
laria and leukemia. In malarial blood when such cells arc pigmented, 
the prominent vacuoles, opaqne granules, and streaming movements 
common in dying protoplasm, strongly suggest the appearance of 
vacuolated parasites. In stained specimens they are found to be com- 
posed of pale staining remnants of nuclei. (See Plate VIII., Fig. 

»■' 

Hydropic degeneration of naclef is practically limited to some peculiar 
leucocytes, both mononuclear and [wlynnclear, of leukemia. (Plat« 
IX.) 

Fatty dflgBneration of leucocytes has often been referred to as a part 
of the changes in pathological blood. The writer has seen globules tn 
leuoocyti'S blackening with osmic acid in sections of blood in the ves- 
aels of fatty viscera, very rarely in circulating blood. The presence 
of these globules in leucocytes is not a certain indication (hat they 
bavfl resulted from the altered albuminous constituents of the cell nor 
does it necessarily indicate a degenerative process, so that in the ab- 
sence of further evidence, the writer is unable to include this form of 
d^eneration among tliose affecting white blood cells. Even when fat 
ifl abundant in the plasma the leucocytes arc commonly free from it. 
(Gumprccht.) 

Pbkinuclear Ba.sophii.ia. — In 1894 Ncusser (and later, Kolisch) 
described the appearance of basic staining granules about the nuclei of 
polynuclear and other leucocytes, which he termed as above and claimed 
to be a somewhat pathognomonic sign of the uric acid diathesis. At 
the time this observation was announced Lowit stated that perinuclear 
basophilia was an artifact which he had kept in mind for some ten 
years. Nevertheless Neusser's perinuclear basophilia brought consid- 
erable notoriety to the Vienna school during several years. Its lack 
of clinical or pathological significance has been fully demonstrated, 
among others, by Futdier, and by Simon. 

Blood-OUst. Heuokonu.— The older histologists have rather uniformly 
described in normal plasma iainut« spheroidal or spindle shaped bo<lies of 
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andetermined origin. (Bizzozero, Landois, Hayem.) Recently Miiller ^ has 
drawn special attention to their occurrence, describing them as spheroidal, 
or dumb-bell, or spindle-shaped granules | to 1 u in diameter, and exhibit- 
ing active Brownian movements, but no locomotion. They are not fat, 
being insoluble in alcohol and ether and not stainable with osmic acid, and 
they appear to have no connection with the process of fibrin -formation. 
Their identity with the granules of leucocytes was considered by Miiller, and 
is claimed by Stokes and Wegefarth, who found them to increase in number 
as the specimen stood, and observed that in different animals their size va- 
ried with that of the granules of the leucocytes. Nicholls identifies them 
with leucocyte-granules on micro-chemical reactions. Miiller found them 
unusually abundant in a case of Addison's disease, and scanty in starvation 
and cachexia, but no clinical significance has been demonstrated for them. 
If not derived firom leucocytes, they may be in part the extruded contents of 
fragmenting red cells, or precipitated albuminous particles from the plasma. 

LEUOOOYTOSIS. 

Nomenclature. — ^An increase of leucocytes distinctly above normal 
limits is called leucocytosis. When the increase affects principally the 
polynuclear leuoooyt^, the condition is termed polynudear leucocytoaia 
or simply leuoocytoais. An increase of lymphocytes alone is called 
tymphocjftoais. Sometimes, several varieties of cells are found in in- 
creased numbers, when the term mixed leucooytoaia is used. Eosino- 
jjhilia is perhaps an admissible word to designate an increase of eosino- 
phile cells. 

A distinct diminution of leucocytes is either so phrased, or termed 
hypcleuGooytoaiSy in contrast to hyperhucocyioais which signifies an ex- 
cess of cells. 

Olassiflcation of Leacoc]rtoses. — ^Rieder first employed the follow- 
ing natural divisions of the subject : 

I. Physiological Lencocytoses. 
Leucocytoais of digestion, 
LevLCO&yUma of pregnancy. 
Leucocytosia of the new-bom, 

II. Pathological Leucocytoses. 
Pod-hemorrhagic leucocytoaia. 
Cachedic leucocytosia. 
Ante-mortem leucocytosis. 
Inflammatory leucocytoais. * 

Each variety of leucocytosis has a somewhat particular significance. 
That of the inflammatory type will first be considered. 

Significance of Inflammatory Leacoc]rtosi8. — It was early seen 
that the most typical occurrence of transient leucocytosis is limited to 
certain acute infectious diseases and here its significance has been the 
subject of much study and discussion, the extent of which has shown 
this subject to be one of the broadest of biological problems. 

A very simple illustration of a principle believed to exert prominent influ- 
ence in the behavior of leucocytes is found in the actions of certain myxo- 
mycetes in the presence of chemicals. Stahl found that Ethalium tepticum 
placed on a moistened surfisice close to a drop of infusion of oak bark moved 
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actively toward and into the Jnftision, but moved actively away tVtM^^ET 
solution (5-peroenl) of gixtcoet:. He uIm) noted that the Plasmodium of Fulif», 
which at firel moves away froni a 2-percent »olulion of salt, will later, if 
needing wat«r, advance and eiiier the nolution. Pfpifl't-r called this attractive 
and repulsive influence of chemicals upon protozoa chrmolaxu, and Ibe 
above observations may serve to illustrate poaiUve and n«^ti<c cheiaotAxla 
and the traiutformation of a iiCKative into a positive chcmotasis. Pfelffcr 
also extended these observations to bacteria, finding that nearly all nutritive 
Bubstance« exert a positive attraction for bacteria, which is determined uvi 
by movements of diflUaion uf the liquids, but by the specific nature of the 
chemical substances. 

A chcmotactic iufluence of bacl«ria upon leucocytes apart fhun the 
phagocytic tendoucicij of McI«hnikoll' was pointed out by Pockelharing, 
among the first, wbo inserted beneath the skin of frog« pii^-es of parchment 
containing onlArtu', and found them after some hours surroundetl by leuco- 
cytes. Gabritschewaky '<' showed that the attractive agent was dissolved in 
the fluids of these cultures. An extensive mass of observations has accumu- 
lated, showing that there is a wide variety of baeleriu and bact«rial and 
chemical products which exert a sjjeciBc positive attraction upon leuc<x^'tet>. 
In some instances a preliminary repulsion is succeeded by a positive cbemo- 
taxis, but the examples of disliuct negative chcmotaxis of tncteria upon 
leucocytes are so uncertain as lo lead Kanthack to conclude that probably no 
bacteria aolually repel leucocytes, though some very rapidly destroy the 
attracted cells, su that the surrounding area is comparatively free from them. 
An apparently clear example of negative chemotaxis is found in the action 
of the bacillus of chicken-cholera in some susceptible animals, while there 
are a great many examples of failure of positive chemotaxis {BaciUut tuber- 
cubma, ttfphtMua). 

A distinctly new element was added to the knowledge of chemotaxis 
when it was iirst clearly shown, by Leber,' that chcmotactic action of bac- 
teria is exerted upon leucocytes at u dutance. On placing within the anterior 
chamber of the eye of the rabbit a flue lube fitted with a nulwtance extracted 
from cuttureu of Slap Ay fococcus a unma, Leber found that the leucocytes would 
promptly overcome the action of gravity and force a way for a considerable 
distance through lymph channels, in order to enter the tube. 

The subject was again considerably enlarged in the experimental produc' 
lion of leucocytosis by Limbeck, who pointed out that along with the local 
afflux of leucocytes following subcutaneous iigections of bacterial cultures, 
there is a marked increa-ie in the general circulation, which in fact precedes 
the local changes. 

This action upon distant blood producing organs causing an outpour of 
leucocytes has been variously iiiterpretc<l. It has been referrMi by moat 
authors to the direct chcmotactic action of the virus distributed through the 
oirculalion. Limbeck regarded the intravascular leucocytosis as somewhat 
in the nature of a forerunner and integral part of the purulent exudate 
which gathers at the point of inoculation. Weiss carries this idea still 
farther, actively maintaining that leucocytes in inflammatory conditions are 
formeil in various tissues whence they pass into the blood. Leucoeytoaia is 
Iherofuro not of uniform significance and origin, but is the expression of 
various underlying tissue changes In disease. Lowit believed that the 
IncrDOM) of leucocytes merely represents a reg&neratii-e effort on the part of iAe 
mamtw lo replace destroyed leucocytes, his observations supporting Vlrcbow's 
original view of the origin of leucocytosis. Buchner and Komer also refer 
leuoncytonis solely to the increased prodaclion of celln under the »limul«» of 
badfrial protein*. That an inereaaed Jtoa' of lymph occurs in many casw* of in- 
flammulury leucocytosis, especially in that in which the lymphocytes are 
iDcreased, isindicatcdby the demonstration of a special lymphogogic property 
In bacterial proteins, (Buchner, Oartner and Romer.) ^m 

8chulz, Rieder, and Got dsi-h eider and Jacob, have hi-ld more or ||^H 
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TWclly to the opinion that the leucocytes are not greatly multiplied during 
leuL-ooytosia, but on the contrary are merely ovembunduut iu peripheral 
vessels or to a moderale exleTit are drawn into the circulaliuii from the depots 
of reaiiy-formed eelts Id the marrow. 

It U impossible here to consider in detail the basis of these various 
hypotheses. Of the last mentioned it must be said that there is abun- 
dant evidence both of a new production of lencocytes in the viscera and 
of aa increased outpour of these cells during leu cocytos is ; that Sohulz's 
unoonditional statement was erroneous, and that in so far as later ob- 
servers have held his views they too remain in error. 

Although the evidences of new formation of leucocytes in the cir- 
culating blood, lymph nodes, and marrow, found by Schmidt, Lowit, 
and Rieder, seemed to them inadequate to account for a great increase 
io the number of these cells, this result may be referred tf> the uncer- 
tainty regarding the origin of leucocytes, to the mistaken opinion that 
jwlynuclear leucocytes are derived from lymphocytes, and to the diffi- 
culty of demonstrating early proliferative changes in sncli widely distrib- 
uted fields as the blood and marrow. Yet Lowit^ could find consider- 
ably iacreaseil numbers of mitotic and amitotic nuclei in circulatiug 
leucocytes during leucocytosis. 

Recent studies of the marrow during experimental leucoeytosea have 
fully established the existence of greatly increased cellular prolifera- 
tion beginning iu the early stages of leucocytosis, and, in prolonged 
cases, completely transforming the histological appearance of this tissue. 
The writer in 1895 compared the marrow of typhoid fever with that 
of pneumonia and other exudative diseases, in a series of cases, and 
found a very striking diflference in the pulp cords in the two condi- 
tions, leucocytosis being accompanied by marked cellular hyperplasia, 
afTecting principally the neutrophile myelocytes. 

Rogers and Josue found, 48 hours after the injection of Slaphi/fococ- 
eits aureus into rabbits, marked congestion and cellular hyperplasia of 
the marrow cords afifecting principally the nucleated red cells and 
eosinophiles, but by the third day these cells disappeared and neutro- 
phile myelocytes with many giant cells formed the bulk of the now 
greatly hypertrophied cords. 

The sole ground that remains to those who deny that inflammatory 
leucocytosis is essentially a new formation of leucocytes, is the proba- 
bility that many leucocytes drawn into the circulation ihir'ing the first 
hour* of leucocytosis are ready-formed in the marrow. 

Of the other hypotheses it still appears that each contributes a por- 
tion of the truth. Probably the combined influences of chemotaxis, 
and of the new formation of leucocytes stimulated by bacterial proteins, 
etc, are chiefly responsible for the general afflux of white cells. The 
destruction of leucocytes has repeatedly been shown to be a subordi- 
nate factor and entirely too slight to stimulate the production of new 
cells through ordinary channels, aa suggested by Lowit. 

Limbeck's early belief in a close connection between local exudate 
and general leucocytosis ia at least partially tnie, and serves to empha- 
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size, as Grawitz points out, tliat many tissues, to an extent, and not 
merely the blood-forming organs, furnish leucocytes to the circulation. 

Id bo far as cliemotactic influences arc concerned in leucocytoeis it 
should be remembered that the essential nature of the attractive force 
remains entirely unknown. 

In studies upon the visceral changes in Icucocytosis the writer be- 
came convinced that some phenomena now attributed to an obscure 
chemotactic influence may be fully explained on purely mechanical 
princi[ile8. This statement applies especially to the sifting of cohesive 
leucocytes by swollen capillary endothelium, and to a less extent to the 
outpour of new-formed leucocytes from the marrow, but in the phe- 
nomena of local exudates other factors seem undoubtedly to be oon- 
cerned. 

Tbe Ooorse of LeucocTtosU. — The experimental study of leucocytosis 
baa greatly increased the knowledge of the order and significance of 
the phenomena connected therewith. It was first observed by Werigo 
that the inoculation of animals with bacterial cultures is followed 
within 5-10 minutes by a pronounced diminution of circulating leu- 
cocytes {kypoleucocyloith), by the deposit of the bacteria in the capil- 
laries of the lungs, liver, and other viscera, and by their complete dis- 
appearance from the blood. 

Approaching the subject from another standpoint Goldscbeider and 
Jacob, and the writer, found that along with the de[x>sit of l>acteria, 
the leucocytes are also sifted out of the circulation and permanently 
lodged in visceral capillariee, principally in the lungs and liver. The 
writer also partially agreed with Lowit that actual destruction of leu- 
cocytes follows such intravascular inoculations, especially with large 
doses, but did not find, contrary to Lowit, that leucocytolyais in dis- 
ease plays more than a very subordinate part in ridding the blood of 
white cells. The initial bypoleucocytosis has been observed very con- 
stantly to precede the appearance of leucocytes in increased numbers, 
and the same phenomenon has been observed in the course of many 
natural infections in the human subject. 

In experimental studies it has been found that many animals perish 
during the stageofhypoleucocytosis, especially when an active virus is 
introduced into a susceptible animal. Thus the inoculation of guinea- 
pigs with virulent cultures of diphtheria is followed by death within 24— 
48 hours, dui'ing persinleiU liypolcucoci/tosia, while in the less susceptible 
rabbit the same treatment usually kills the animal but not l>efore leu- 
cocvtosis has t)ecome well established. In general, tlif irurreone of leu- 
cocylrs fMitPH tlie imltal dimiitution more rapidly in Ihoae animalu in 
which the eourte of the infection m more /«iwaWr. The same rule is 
found to hold in the human subject, initial hypoleucocytosis, sometimes 
persistent, having been observe<l in malignant cjtses of pnenmonia 
(Kikodse et al.), diphtheria (Billings), septicemia, etc., and its unfavor- 
able import in these diseases has been fully demonstrated. 

In infectious of ordinary virulence hypoleucocytosis is established 
within one-half to two hours after the initial diminution, and Gold- 
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scheider and Jacob succeeded in exciting pronounced leucocytosis with- 
out any demonstrable initial decreaBe in cells. During the course of 
febrile reaction to exudative processes, and sometimes during a con- 
siderable period thereafter, hyperleucooytosis persists. The grade of 
Uucoci/to9u has been, found to vary ojien with Hie height of the temperature, 
more olottety tmth the extent of the extidaie, but as might be expected from 
iU recognized aignijicance, measures more exactly the reaction of the system 
to the infectious agent. 

Throughout the stages of inflammatory leucocytosis it is the polynu- 
clear leucocytes which are chiefly or exclusively concerned with the 
process. During hypoleucocytosis these cells, and as the writer finds, 
the large mononuclear cells, are greatly reduced, having been caught 
in the capillaries, while the lymphocytes remain iu large proportion. 
Very soon, with the increase in total numbers, the polynuclear cells 
are found in excessive proportions (80—95 percent), and even when the 
total increase is not great the excess of polynuclear cells is so constant 
aa to furnish at times significant information regarding the character of 
the infection. 

The hyperemia and excitation of the marrow is indicated by the 
presence of normoblasts (Timofjewsky) and of a few myelocytes which 
have now been found in raauy severe leucocytoaes, especially in diph- 
theria (Engel). 

An absolute increase of lymphocytes, sometimes of extreme grade, as 
observed by ihc writer in diphtheria, is often noted in the course of 
inflammatory leucocytosis and is to be referred to special involvement 
of lymphoid tissues. 

Ehrlich* holds that while polynuclear leucocytosis is referable to 
chemotactic influences acting from a distance, lymphocytosis is always 
the result of local irritation acting mechanically. Relative or absolute 
lymphocytosis is seen also in digestion leucocytosis (Rieder), in typhoid 
fever, with tumors of bone, and, in general, is a frequent feature of in- 
flammatory leucocytosis in children. 

During the subsidence of acute leucocytosis the neutrophile are 
sometimes replaced by a considerable proportion of eosinophile cells, 
as in pneumonia, septic processes, etc. The significance of this phe- 
nomenon is entirely unknown, but it has been shown to be of favor- 
able import. 

The behavior of the different cells lu leucocytosis is largely in accord 
with their known characteristics elsewhere. The actively ameboid and 
phagocytic cells are chiefly aifected, while the non-ameboid lympho- 
cytes are much less and only mechanically disturbed. An exception 
to this rule is found in the actively ameboid eosinophile cells, but 
these are rarely found to sJiow phagocytic qualities. The bearing of 
these facta upon the significance of leucocyt<.isia will be considered 
later. 

Belation of Leucocytosis and Phagocytosis to Immtmity. — The studies 
of MetchnikofT upon phagocytosis in lower animals have not only es- 
tablished the great importance of this process as a protective measure 
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ia the protozoa but have gone far to explain the signiScaucc of let 
oytosU in the higher metazoa. There ia no room to doubt that mmuuU, 
for example, englobe, digest and destroy living threads of (rptolkrix, 
and the steps through which Metchnikoff lias traced the prowss swm 
to show that in animals as high as frogs, the leucocytes alone are re- 
gponsiltle for the englobement and dostniction of anthrax bnrilli. In 
the higher vertebrates, however, other factors may very well super- 
vene, and before accepting the phagocytic doctrine of leiiwKytosis in 
the human subject it is necessary to consider in some detail the extent 
and limitations of the process in higher vertebrates. 

The process of phagocytosis, as <! escribed by Me(<'hnikoR', be^ns with the 
chemotaetic attraction of )(?ucocyt«s toward baPteria. the englobemeiitoftbe 
germs, often in tbe living virulent condition, and their digestion in slAge« 
which may be followed by changes in form and staining quality. The power 
to approach and englobe bacteria is obviously found in the ameboid activity 
of leucocytes. The power to digest bacteria is indicated by the morpho- 
lo^cal and chemical changes above mentioned, which include the breaking 
up of a bacillus into granules and its gradual loss of staining capacity. 
Moreover a digestive ferment has been demonstrated in leucocyte« by Row- 
bach, and Lel)er,' and many investigators, especially Buchner.' have dem- 
onstrated very high bactericidal power in exudates ricli in pus. Thai leu- 
cocytes actually exert these bactericidal powers in infectious diseases is 
strongly indicated by the different behavior of these cells in refractory and 
susceptible animals. It has been repeatedly shown that the lenrocyiea of 
susceptible animals which do not naturally attack certain bacteria may be 
made to do so by tbe immunization of the animal, as in the infection of mice 
and gnineo-pigH with anthrax, and pigeons and rabbits with chicken cholera. 
That the englobed bacteria are alive and active has been shown by their 
movements within the surrounding vacuulex of the leucoc-ytes, and by the 
mbneiinent dc\elopment of the englobed bacteria when the leucocytes ore 
placed in bouillon. (Anlfirax in pigeons, Vih. Metch. in immune guinea-pigs.) 
Indeed, an increase in viruttnee has been found in cultures obtained Uroia 
some bacteria passed through the leucocytes of refractor^' animals. More- 
over Lubarsch bas shown that frogs' leucocytes are more actively attracted 
by living bacteria than by the same germ when de«d. 

It should be noted that drugs which inhibit the activities of leneocytee 
have been found to greatly accelerate the spread of certain infections. 
(Opium in cholera, Cantacuzene.) 

The hitfoloffieal iludy of the reactive process at the seat of inoculation of 
a vims under variow) conditions bos, also. fUmished very strong support of 
the belief in the essential im|iortance of phagocytosis. It has repeatedly 
been shovrn that in susceptible animals injections of highly virulent bacteria 
are, in general, followed by serous and bloody exudates which fail to limit 
the infection which bmromcs general and kills tbe animal, while the same 
treatment of immanc animals is followed by highly purulent exudates, tbe 
limitation of the infe>ction, and recovery. (Oabritschewsky.*) 

Finally, the results of minute study of tbe behavior of various phagocyte* 
should be considered. Tlie two actively phagocytic leu<;ocyt«8, tbe polyna* 
clear neutrophile and large hyaline cells, do not attack all bacteria in the 
aame manner. The former are leas selective, englobing nearly all forms of 
bacteria. Yet the l>acilIiLS of leprosy is found almost exclusively within the 
large hyaline cells which do not attack streptococci or gooococci. Kunthack 
and Hardy have made important observations in this field. Examining a 
hanging drop of (tog's lymph inoculated with a few anthrax bacilli, they 
found that the eosinophile cells were first attracted to the bacilli, that they 
discharged tbeir granules upon coming into contact with the genua, and that 
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degenerative changes soon appeared in the bacteria. Later the large hyaline 
cells surrounded the mass, the oxyphiles dropped away, and the altered 
bacteria were englobei) and digcst«d by the hyaline leucocytes. These ob- 
server)) round the same division of labor among leucocytes in various animals 
up to man, the hyaline cells acting as phagocytes of the cclomic and lym^ 
phatic ByHtema, and the finely granular oxyphile cells as phagocytes in the 
hemal syetem. They ascribe important bactericidal flinctions to the gran- 
ules of eoslnophile leucocytes in preparing germs for englobement by the 
ameboid phagocytes. Hankin also came to identical conclusions regarding 
the importance of eosinophile cells in phagocytosis in the rabbit. 

Based upon these and many other similar observations, veri&ed by 
many but actively combated by others, Meteknikoff concluded that 
pbagor\fto«is ia the essential feature of inflammation, and the chief mecha- 
mm in immunity, and gave exclusively to the leucocytes and the endothelial 
and other phagocytic tissue ceils a function of vast importantx. 

It has been necessary, however, to modify the original claims of 
Metchnikoff in an important particular, that an extracellular influence 
it exerted upon bacteria ichich (s somfitimen a necesaary preliminary to 
phagocytosis. 

The steps by which this fact has been demonstrated may be briefly 
indicated. 

Traube, Fodor, and others, recognized that the destruction of bacteria in 
the living blood ia oflen extremely active, and it was suggested that the 
fluid plasma, and not the leucocytes and endothelia, is the chief agent in 
freeing the animal organism from infectious germs. Qrohman then demon- 
strated the bactericidal aetiou of shed blood. Nuttall, next, found that during 
the process of infiammation, about the seat of inoculation in rabbits infected 
with attenuatad anthrax, many bacteria which are not englobed nevertheless 
show degenerative changes, and he also found that blood serum and lymph 
possess very active bactericidal powers. Theseobservations were verified and 
greatly extended by Nisaen, Hankin, Behring, Buchner, and Vaughan, who 
have ftilly established the presence both of bactericidal and of antitoxic 
principles. Some of these observers have gone so far as to deny any great 
importance In phagocytosis, and they may be said to represent the "humoral 
theory" of immunity. 

It soon became apparent, however, that there exists a very close connec- 
tion between these "defensive proteids" of blood and exudates, and the 
leucocytes. Hankin, Buchner, Kossel, and Vaughan have shown that a 
nucleo proteid derived probably from the nuclei of lericocytes is the bacteri- 
cidal agent in serum, exudates, and lymph. This bactericidal proteid 
belongs to the class of enztrmet, is extremely unstable, is destroyed by heat- 
ing to 55-65° C, and has been called by Buchner "alexine." The existence 
of a distinct compound of this character has not been accepted by all physi- 
ological chejuisls. 

According to Hankin, blood senim ordinarily contains little or none of 
this agent, but after the second day of leuoocytosis it is secreted by the 
eosinophile cells of rabbit's blood or is discharged from these cells during 
defibrination. Hahn and Van de Velde have shown rather conclusively 
that the alexines are a secretory product of the living leucocyte, and are not 
produced by the destruction of these cells, although they may be set free 
thereby. Hankin, Buchner,! Hahn, Bordet, Shattenfroh, Bail, and others 
have established the essential relation between the bactericidal power of 
exudates and their content in leucocytes, and have placed this relation be- 
yond doubt by such demonstrations as that of Denys and Havel, that the 
blood and exudates of dogs lose their bacterioidal power when freed by fil- 
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tralion or the ceatriruge from intact leucocytes, but regikin this power whi 
the leucocyt«a are replaced. 

The controversy rejiiiirding the so-called "pkeitomenon of Pftiffer" ba» 
Biao ended in a wiiy to /iivor the importauce of leucocytes in the defense of 
the organism. Pfeider fouad that when cholera cultures are injected into 
the peritoneum of highly immUDize'l guinea-pigs, the germs are broken up 
into granules and to some extent diaaolved by the periloaeal fluid befur* 
leucooyloaia and phagocytosis have become fully established, but not, ma 
Bome citations of tikis work would leal one to auppoae, before the leucocytes 
prenent are actively engaged in phagocytosis. 

Metehnikoff^ promptly repeated this experiment, Bnding that the cholera 
spirillum flourishes in a hanging drop of the Aame peritoneal fluid which in 
the body is bactericidal, that the peritoneal fluid is really very rich in 
leucocyte.1, that if a great afflux of leucocytes is previously escit<rd by injec- 
tiou of bouillou the phenomenon of Pfeilfer is suppressed, but the germs are 
englobed and destroyed just as quickly by the leucocytes, and he found, in 
general, that the phenomenon of PfeifTer occurs only in animals wboM 
leucocytes possess very active bactericidal and phagocytic qualities, and 
only in those situations where leucocytes are or have been abundant. 

The discovery of the "phenomenon of Pfeiffer" placed beyond qucation 
that bacteria may be destroyed by entirely extra-cellular processes, a fi»ct 
now not infrequently illustrated in the dissolution of bacteria in Widal's teal. 
While Metchnikoir accepted this fact and altered bis views aa to the inva- 
riable necessity of phagocytosis, the application of his doctrine was ex- 
tended rather than narrowed, for it still remains true that the bactericidal 
principles arc elaborated principally in the leucocytes. 

The foregoing review of the steps tliroiigh which the present con- 
oepttoD of phagocytosis and immunity has been reached, while defec- 
tive in important and highly interesting details has heen rendered neces- 
sary in onJer to set in its proper light the significance of inflammatory 
leucocytosis. 

It is now apparent that leucocyloaia repr&ienU Nature's atlempt to rid 
ike blood mid the system, by mearu of Uucocifies and their products, of the 
baeierial and toxic eausea of disease. 

It is now possible, also, to understand the varying significance of 
hy[)oleucjjoytosi9, and to place correct interpretations on the various 
grades of hyperleuciwytoais in infectious diseases ; to trace the relation 
between local and intravascular leucocytosis, and explain many of the 
phenomena of exudative inflammation ; to properly interpret the pre- 
dominance of mononuclear, or of polynuclear, and to some extent, of 
eosinophile cells, and to recognize the specific quality of the difiercnt 
varieties of leucocytes ; while the application of all these facts to qtu 
tions in general pathology iios been most extensive. 

Clinical Types of Leacocytosis. 

DigSstion Leucocjrtosis. — Although digestion leucocytosis was one 
of the earliest of observed phenomena r^;arding leucocytes (NasM, 
Virchow), owing to the uncertain methods employed by some later ob- 
servers, and to the subsequent discovery of other marked physiological 
variations in the numbers of the cells, the occurrence of a leucocytosi 
referable to digestion was not fully accepted until Pohl, ' 
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Limbeck and R. Muller, and Rieder, in man, investigated the subject 
with the necesBury precautions against possible disturbing Tactors. 

It is DOW evident that in order to demonstrate digestion leiicocytosis 
it is necessary to know the normal percentage for each individual, and 
Dot to rely upon general averages, as the effect of digestion is not 
great, and the leucocytes at periods well distant from meals vary con- 
siderably according to the health, age, state of circulation, nutrition, 
and digestion, of the individual. With these precautions it has been 
found that a full meal raises the number of leucocytes in the average 
healthy subject about 33 percent (Rieder), beginning certainly within 
1 hour, reaching a maximum in 3-4 hours, and thereafter gradually 
declining. The exact figure reached cannot have much significance, 
for the reasons above stated, but in adults the maximum is notof^en 
above 15,000-16,000. In healthy fasting subjects the increase is 
rarely over 3,000 cells, but in invalids the variations are slightly 
greater. 

A failure of digestion leucocytosis in healthy adults is sometimes ob- 
served and may l>e referred to a prolongation of the process, or to 
chronic torpidity of the intestines, or to accidental causes. 

The quality of the food has sometimes a distinct effect on the grade 
of leucocytosis. Highly albuminous meats, readily digested and ab- 
sorbed in considerable quantity, have much more influence upon leuco- 
cytes than a meal of vegetables and fats. Indeed, although Duperie 
has reported digestion leucocytosis after exclusively vegetable diet, it 
is usually not seen in any vegetarian animal, probably because of 
slower digestion and absorption. 

Of the disorders in which digestion leucocytosis may be expected 
to fail the mildest are those marked by torpidity of stomach and 
bowels, which lengthens the time, and diminishes the completeness of 
digestion and absorption. (Rieder.) R. Muller found it difficult to 
excite leucocytosis in anemic sulijeclg, except by very large meals, until 
the general condition of the patient was much improved, and Rieder 
also observed no increase but even a diminution of white cells in simi- 
lar oases. Among various hospital cases confined to bed from chronic 
complaints the leucocytosis sometimes exceeded the normal limits, 
sometimes was absent. 

When from any other cause the leucocytes are distinctly increased, as 
in pregnancy, inflammatory diseases, etc., digestion usually fails to pro- 
duce a further demonstrable increase. 

In Mrcinoma of Ike slomach, R, Muller first called attention to the 
Absence of distinct digestion leucocytosis which marks this condition, 
finding that without regard to the presence of HCl or pepsin, these 
cases do not show a pronounced increase of leucocytes after meals. 
From later reports it appears that about 90 percent of cases of gastric 
cancer fail to show any distinct digestion leucocytosis (2,000-3,000) 
although there are some clear exceptions to the rule, and more examples 
of a slight increase. This failure of leucocytosis is apparently inde- 
pendent of the presence of HCl or pepsin, occurs when stenosis doeB 
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Dot exist, and is referred by Schneyer to involvement of the aeighb<M^| 
I ing lymphatics, and to complicating gastric catarrh. In very advanced 
oases it is perhaps invariably absent. (Hartung.) In various other 
' conditions sometimes simulating gastric cancer, ae benign stenosis, 
ulcer of stomach, chronic gastric catarrh (Schoeyer, Capps, CalK>t), 
as well as in carcinoma of other viscera (Hartung), well-marked ili- 
gestiun leiicocytosis is tbe rule. 

Ak a diagnodic tent, the absence of digestion Icucocytosis hae not 
been found to give as reliable evidence as was first hoped, because, as 
recently shown by Sailer and others, it is too frequently absent in 
other conditions. As evidence against cancer, the presence of diges- 
tion leucocytosis is, however, of considerably greater value, though by 
no means positive. Nevertheless the examination of the blood de- 
serves a place in the diagnosis of this often obscure disease. 

In, children, up to 15 years of age, most observers have found more 
marked digestion leucocytosis than in adults, especially after a meat 
diet, (v, Jaksch, Rieder.) The first digestive activity in the new- 
born infant excites a ooDsiderable leucocytosis, SchifT finding an in- 
crease to 19,000—27,000 one hour after the first nursing, and 'A6,- 
000 at the end of 48 hours, aft«r several nursings. Bdtefen Ike tenth 
atul fiJUenth //ram Kleder found leucocytoses of 3,000-9,000, the 
average increase being greater than in adults. In the ^;ed it is some- 
, what less than in adults. (Pohl.) 

Obiqis of Dioestios IjEUCOCYTasis. — The essential factor in di- 
gestion leucocytosis is, without doubt, the absorption of a considenUile 
quantity of albuminous principles, Tiiis absorptive process has been 
shown by Hoffmeisler to excite a considerable poliferation of mononu- 
clenr cells in the adenoid tissue throughout the gastro-iutestinul tract. 
It would seem that such increase of mononuclear cells mu-^t necessarily 
cause an increased number of these cells to reach the circulation, and 
Pohl in fact, reported finding the mesenteric veins during digestion in 
dog^ much richer in leucocytes both mononuclear and polynuclear 
than the arteries. Rieder, however, eonld not find such a dispropor- 
tion between veins and arteries, and in the absence of other experi- 
mental data it becomes necessary to suppose that the marked increase 
of lymphocytes which characterizes digestion leucocytosis is referable 
to an increased outpour of lymph from the thoracic duct, the occur- 
rence of which during <ligestion there are obvious reasons for accepting. 
Since the proportions of mononuclear and polynuclear cells are not 
greatly disturbed in digestion leucocytosis, the marrow must furnish 
a cnnaiderable numlier of ncutrophile leucocytes, and the chemotactic 
properties of the absorbed albumens must be regarded as the chief 
cause of their outpour. 

Hoarding the exact proportion of different cells in digestion leuco- 
cytosis data are not numerous but sufficient to show that this is a 
"mixed leucocytosis," both lymphocytes and polynuclear cells being 
increased, more especially the lymphocytes. The eosinophilea are 
usually reduced. (Rieder.) ^S 
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Lencocj^sis of Pre^ancy. — The occurrence of moderate leucocj"- 
tnsis in tUe latter months ol' pregnancy, though previously known, waa 
first fully studied by Hallii who found a marked increase in 10, a 
slight increase in fi (12,000-13,000), and no change in 3, out of 19 
cases examined. 

Rteder eliminated any possible eSects of digestion, allowing his 
patients to fust l(i hours and found a leucocytosis, averaging 1^,000 
cells, in only 21 of 31 cases, all the exceptions being muttiparie. Of 
17 multipane leucocytosis was absent in 10. Limbeck found 11,000 
-13,000 cells in each of four cases examined, and Cabot reports un- 
usually high counts (2^,000—37,000) in 3, and the ordinary increase 
iu 9 cases. Hubbard and White report pnlyuuclear leucocytosis in 
80 percent of their 55 cases, most marked and constant in young 
primipane. The averages 24 hours before labor, were, primipane 
I o,(JO0, multipane 11,700. Before the end of the third month no 
leucocytosis is to he expected (Rieder), but the exact period of its ap- 
jiearance has not been determined. Rieder made the interesting ob- 
servation in six cases that in the ninth month of tirst or subsequent 
pregnancies, whether leucocytosis exists or not, digestion causes a 
diminution instead of an increase of white cells. 

AJier parturiilon, the leucocytes gradually diminish, reaching the 
normal u.sually in 4—14 days, but this diminution is frequently inter- 
rupted by slight disturbances referable to the repair of marked 
erosions or tears of the genital tract, to mild disordera of the breasts, 
and to the loss of blood. During and immediately afler childbirth a 
considerable increase of leucocytes has been observed in a moderate num- 
ber of reported cases. (Kosina and Eckert, Malaasez, Fouassier, Rieder.) 

The leucocytosis of pregnancy has been referred to various causes, 
none of which seem to meet all the requirements. Virchow found a 
parallel between the increase of leucocytes and the widening of the 
uterine and abdominal lymphatic vessels and nodes and the increase of 
metabolism in the uterus and its contents. Mochnatscheff's compari- 
sons of the numbers of leucocytes in the finger-blitod and in the cervix 
utfi-i do not seem calculated to demonstrate an increased supply of any 
variety of cell from the latter region. Limbeck suggests that the 
changes in the breasts are the chief factor, recalling the round cell in- 
filtration which many such glands show, as an indication of very 
active cellular processes. He, with others, have supposed that this 
leucocytosis, like that of the new-born, may reprcseui a continuous 
efiect of digestion, an opinion which cannot be accepted since digestion 
leucocytosis is usually suppressed in late pregnancy. Considering the 
behavior of leucocytes in general, it seems liardly a matter of surprise 
tliat the active cellular processes in the breasts, uterus, vascular sys- 
tem, and fetus, and the associated increase of metabolism should, when 
instituted for the first time, find a sympathetic excitement in the blood- 
producing organs. Being a '* mixed leucocytosis," with all but 
eosinophiles normally represented, this leucocytosis is probably not 
either inflammatory or toxic 
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The Leacocytosis of the New-bom. — That (h<7 blood of new-fa 
infaots invariably shows a well- marked leiioocytosis was notec) I 
many early observers, in greatest detail by Havem, wlio found an 
average at birth of 16,000-1 8,000, a rapid decrease to 7,000 tywattl the 
third to fourth day, when the initial loss of weight becomes most 
marked, and a subsequent increase to 9,000—11,000, with l>i^nning 
increase in body weight. In children at 8 months he found 14,000- 
21,000 white cells, while by the tiftecnth month the numbers commonly 
dropped to 10,000, and lie noted also that the increase was lai^ly in 
the nature of a lymphocytosis, the small lymphocytes being 4—6 times as 
numerous as in adults. 

These main features of the leucocytosia of the new-bom apjtear 
again in Rieder's observations, who found slightly gn?ater numbers, 
14,200—27,400, in a few subjects, in whom the initial decrease on the 
third to fiflh day was also well marked and apparently unaffected by 
the first demands on digestion. Kieder found the leucocytosis of the 
child uniformly greater than that of the mother, and, except for the 
preliminary decrea.se of the first week, much more persistant. His 
differential counts show that the lymphocytes are not in excessive pro- 
portion at birth, but that this excess becomes established later. (8o 
also Gundobin.) Hia cases showed at birth a considerable excess, 
also, of eosinophilc cells. 

Schiflf examined II infanta twice daily for two weeks, his resnita 
showing exctsaife variations in the numbers of leucocytes in the first few 
days (10,000— 36,000), referable apparently to overfeeding and diarrhea. 
The preliminary decrease beginning on the third to fifth da}'8 is quite 
noticeable in his tables. At the end of two weeks the leucocytes num- 
bered 10,000-15,000. 

Qundobin's observations show that the leucocytes remain high dur- 
ing the first year of infancy (11,000-14,000), that the excess of 
lymphocytes is established before the tenth day and persists through- 
out the first two years (60-66 percent), when they begin to declin " 
reaching the proportions of the adult about the eighth to tenth year. 



Obbkrtatioms oh thk Leccocttosis of tbe New-born. 

Hayem average for 48 hours 18,000 

" third to fourth day 7,000 

'• Jifter fifth day 0,000-11,000 

Otto t«n to twenty-flve hours.. ..23,000-25,000 

BcbUr 48 houra 10,000-32,800 

" fourth to eighteenth day.. .12,000-13,000 

WoioD-Oranek;.. at birth 16,980 

" " ...14 hours 20,980 

" " ...second day 81,680 

Oundobin last day, fetoe 8,068 

" at birth 19,600 

" 24 hours 28,000 

" 48 houra. 17,600 

Kxnger one to three days 18,000 

" after third day 16,000 
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Rieder at birth 14,200-27, -100 

" second to fourth diiy 8,700-12,400 

" aft«r fourth day 12,400-14,800 

From the above coaflictiag reports it is difficult to give precise de- 
tails regardiug the leucocytosis of the new-born. Rieder's observa- 
tions seem to the writer the most reliable, in which a moderately high 
proportion of white cells is found at birth, a distinct decrease on the 
second to fourth day with the diminution of weight, followed by a less 
marked but persistent leucocytosis. Further very careful studies are 
needed in the field. 

Regarding the origin of this form of leucocytosis opiuions are at 
variance. Tliat the initial increase is referable to concentration of the 
blood and venous stasis seems to be true both of red and of white 
cells. The preliminary decrease the writer believes to be due to im- 
provement iu the venous circulation with relief of cyanosis, and the 
absorption of fluids. The subsequent increase and permanent leucocy- 
tosis of infancy, being largely a lymphocytosis probably represents to 
a considerable extent continuous digestion leucocytosis. That it is not 
entirely referable to digestion is indicated by the low counts found by 
Rieder on the second to fourth days, after frequent nursing. 

Post-hemorrhaffic Lencocytoais. — A well-marked leucocytosis fol- 
lowing acut« hemorrhage was described by the older writers (Virchow, 
Naaae, etc.), but the detailed study of this condition was reserved until 
Lyon and Huhnerfauth investigated the effects of hemorrhage by the 
newer methods. 

Huhnerfauth found in 9 dogs, losing about 4 percent of their body- 
weight by acute hemorrhage, that the leucocytes were often slightly 
diminished immediately af^r the operation, much increased (maximum 
45,000) on the following day, and that this increase persisted in some 
degree for two to three weeks. Lyon, in similar experiments, also 
found an initial decrease a few minutes after the hemorrhage, but soon a 
very marked increase of the white cells, reaching its highest point (62,- 
000) within a few (6-8) hours, declining rather rapidly after three to 
four days, but persisting thereafter in moderate degree for days or weeks. 
Id the human subject after a surgical operation attended with danger- 
ous hemorrhage, Lyon found, after one hour, 41,625 leucocytes, after 
five days 14,300, followed by a slight increase for one week. In a 
oaae of leukemia, splenectomy caused the leucocytes to jump from 463,- 
OOO to 850,000 several hours before death from hemorrhage and shock. 
Rieder repeated the experiments on dogs finding the usual changes, as 
a rule, but in one instance a large hemorrhage failed to cause leuco- 
cyioeis. In differential counts he observed that most of the leucocytes 
were polynuclear, finding as high as 97 percent of neutrophile cells 
immediately after the hemorrhage. In the human subject he was un- 
able to find very pure examples of post-hemorrhagic leucocytosis, but re- 
ported 15,000 cells aft#r pulmonary hemorrhage in phthisis; 32,600 
(1,300,000 red^ after hemorrhage from cancer of the uterus; 26,500 
(1,985,000 red) in ulcer of stomach. 
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Ill generid, tiie Iciicociftonk j'olhwi n^ keiitorrfutt/e w in projMrtiim to 
thi extent nnd rapidity of llie low of blood, bid it tigiudly duappeara or 
grcaily diininisbeg long before the red eell» are reaiored. The infusion of 
fluids lias been fuund Ui considerably increase the leu(XM>ytoais. This 
rvsult has l)eeii repeatedly observed in cases of spleiiectt)my (<]. v.). 

The nut infrequent fuilure nf post- hemorrhagic IcucocyUnsis as re- 
ported by Rieder, Sti'ngel, Oubot, and others, \iits uot been explained. 
In such (uises the rcmainin}r cells may be largely lymphocytre. 
^Stengel.) Erb, however, reported nuirlced tdmoliUe lymphoctftosU after 
liemorrliugc. 

It is generally agreed that the chief factor in the production of 
post- hemorrhagic leucocytosis is the outpour of lyraph which nstores 
the lost bulk of blood. Were this the only factor, however, the new 
cells ought to be principally lymphocytes, and the high proportion of 
neutrophilc cells commonly seen points to a special draining of tlie 
marrow or possibly to increased cellular activity in this tissue. Against 
tliis view are the facts tliat normoblasts are nut numerously present 
till the secund to the third day, while the leucocytes are most numer- 
ous after a few hours. 

The old opinion of Samuel, V'irchow, nnd others, that the more 
cohesive neiitrophile cells arc retained in the vessels is j)erha|M still 
worthy of consideration. Af^er the infusion of salt solution the high 
percentage of polyniiclear cells can be partly referred to the cherantactic 
influence of this fluid upon the marrow. 

Cachectic LeucocytOBis. — Of the varieties of leucocytosis classified 
by Kie<ler that which is frequeutly associated witJi severe anemia and 
cachexia is the least homogeneous. In its causation figure many of 
the conditions already shown to frequently excite leucocytosis, espe- 
oiolly loss of blood and inflammatory processes. Yet there exists a 
considerable gmup of cases marked by continuous leucocytosis, in 
which other influences combine to increase the production of white 
cells, and to develop a somewhat peculiar form of leucocytosis which 
deserves ii special description. 

White, Cruveilhier, Paget, and others before them, who first de- 
scribed cachectic leucocytosis, regarded the excess of cells as fragments 
of the neoplasm. Andral and Gavaret, Cliaillou, and Vidal, recognixed 
these cells as leucocytes. Thiscorrect interprel^ition was soon followed 
by the more detailed study of the condition by Lucke, SapjK-y, Nepveu, 
and especially by Hayem, Alexander, Schneider, Pee, Reinboch, and 
Rieder, each of whom have contributed largely to the present knowledge. 

Some of the clearest examples of this sort of leucocytosis are been in 
the cachexia of malignant tumors, where the combination of hydremia, 
locat inflammatory processes, and specific toxemia, are the principal 
factors concerned. 

(^ironic anemia may lead to increase of leucocytes in the circulation 
tlirough the watery condition of the blood, the increased activity of red 
marrow, here often moderately hyperplastic, and the lowered blood 
pressure. Illustrations uf the working of these influences are seen in 
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the increase of post-hemorrhagic leucocjtosis after infusioD^ and in the 
periodical appearance of normoblasts and mixed leucocytosis in ad- 
vanced chlorotic anemia. Yet chronic hyperemia and extreme hyper- 
plasia of the red marrow alone are not necessarily accompanied by leu- 
cocytosis ; but oft^en exist with diminished leucocytes^ as is usually seen 
in uncomplicated primary pernicious anemia. So that it is impossible 
to ascribe to chronic hydremia more than a predisposing influence in 
cachectic leucocytosis. 

Horbacewski and Lowit' ascribe both the hydremia and the leuco- 
cytosis of cachexia to the lymphogogic and chemotadic influence of nu- 
oleins which in increased quantity are set free by the excessive destruc- 
tion of tissue elements^ but Lowit claims from his experimental study 
of the subject that increased flow of lymph alone is incapable of produc- 
ing leucocytosis. 

Local inflammations are probably the most frequent causes of marked 
cachectic leucocytosis. These may be traced in the growing edges or 
ulcerating surfaces of malignant tumors^ in various internal suppurative 
or necrotic processes in syphilis and tuberculosis^ and in exacerba- 
tions of underlying chronic inflammations. 

The special involvement of the blood-forming organs by neoplasms 
and inflammations has been found not only to increase the leucocytes 
in the circulation but at times to give a special character to the leuco- 
cytosis which may be of diagnostic service, e. g,, eosinophilia and 
lymphocytosis with sarcoma of bone or lymph nodes. While sarcoma 
is usually attended with lymphocytosis, carcinoma on the other hand 
usually excites a polynuclear leucocytosis, a difference which may per- 
haps be referred to the freedom of the lymph paths in the former and 
their occlusion in the latter case. 

Finally there is to be considered as the essential element in cachec- 
tic leucocytosis a chronic toxemia, which, in several conditions, is of more 
or less specific character. 

Some importance here attaches to the observations of Hayem who 
noted the disappearance of persistent leucocytoses (10,000-21,000) in 
4 cases after removal of cancers of the breast, while a recurrence of 
the tumor he claims to have predicted from a slight persistent increase 
of leucocytes. Grawitz has shown that injections of extract of carci- 
nomatous tissue and of tuberculin have a marked lymphogogic effect. 
The distinct cachexia which often foreshadows the appearance of a 
malignant neoplasm is abundant clinical evidence that these new 
growths elaborate powerful toxines but it has never been conclu- 
sively shown that these toxines have any particular influence upon 
leucocytosis, which in the majority of cases seems to arise from other 
factors. The -same conclusion must be drawn from the absence of any 
uniform relation between cachectic leucocytosis and the extent of miliary 
tubercles and gummata, or the extent, location and histological struc- 
ture of malignant tumors. General miliary tuberculosis, acute or 
chronic, usually fails to excite leucocytosis. The writer has seen 
severe anemia without leucocytosis, with extensive gummata in liver^ 
9 
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' spleea, aad thoracic and abdominal lymph Dodes, and is general ciH 
cinomatoeie. 

Indeed, in a review of many reported cases and in the writer's ovm 
experience, in the greed miojority of caaes of tertiary fnfphilU, tuberculonit, 
nephriti*, in a large proportion of cardnomaia, and in a raiher tmaJUr 
proportion, o/aaroomata, oncAeria ia unaccompanied hy leacoeytoaia un- 
tet» there is diMincl local inflammation, neerosi«, or hemorrhage. 

Whence it may be stated as a general rule that marked trucocytont 
in the course of cachexia suggeaU a search for one of these comj>tication». 

Ante-mortem LeucocytOSU. — In 188.3 Litteo reported from sev- 
eral hundred examinations of the blood of 40 moribund cases in whom 
no leucocytosis had previously existed, that he bad found in many a 
more or less pronounced increase of white cells, beginning at a varia- 
ble period before death. 

When diBsolutioD was rapid no leucucytoais was found, but when 
prolonged, the increase of white cells was very marked (1-5 of red). 
Litten was unable to ofiTer a plausible explanation of the phenomenon 
and failed to give exact numerical estimates and important clinical 
details of his teases, so tliat hie interesting observations attracted but 
little notice. 

Id 1886, Gottlieb found 30,000 leucocytes 6 hours befor* death in a 
oaae of pernicious anemia which had previously shown no increase. 

Ricder found well-marked ante-mortem leucocytosis in three uf four 
cases in one of which 89.5 percent of 60,000 cells were polynuclear. 
The case not showiog leucocytosis was complicated with aapiration- 
pneumoiiia. 

Many later reports of isolated observations on this variety of leu- 
cocytosis have proven the frequency of its occurrence, but have not 
added greatly to the knowledge of its special peculiarities or its sig- 
nificance. 

It appears most probable that a considerable variety of factors is 
concerned in the ante-mortem increase of leucocytes. Cohnheim's 
theory, that diminishing blood pressure causes an increased outpour of 
lymph is supported by the occurrence of post- hemorrhagic leucocytosis, 
but not hy the high percentage of polynuclear cells and of nucleated 
red cells usually present. Litten'e suggestion that there is an unequal 
distribution of leucocytes in favor of the peripheral capillaries is in 
accord with the known effects of stasis. Limbeck's opinion that ante- 
mortem leucocytosis probably resulta in most cases from terminal in- 
fections may certainty apply tu many instances marked by exoess of 
polynuclear oells, but not to all, especially to those rare cases showing 
lyraphooytosis. 

The character of ante-mortem leucocytosis seems to depend lately 
upon the precedent condition. In leukemia and inflammatory diseases 
the cells principally increased are the polynuclear forms of the mar- 
row, and along with these many nucleated red cells and some mye- 
locytes are commonly drawn into the circulation. In the terminal 
stages of lymphatic leukemia the lymphocytes may be greatly inci 
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Pronounced aDtc-mortetn lymphocytosis has been seen \a pernicious 
anemia by Cabot and by the wnt«r, in diphtheria and other conditions 
in children, in typhoid fever, and to a less extent in malaria. 

It would seem that the effects of terminal inflammations, ante- 
mortem dissemination of intestinal and other bact«ria, ante-mortem 
hyperpyrexia, vaso-motor paresis, serons exudates, diarrhea, lack of 
fluids ordinarily ingested, etc., have not received snfBcient attention in 
ttuA important field, and that the entire subject needs investigation on 
a much more elaborate scale than has yet Ijeen attempted. 

Experimental Lencocytosis. I. fiv Drugs and CHEuiCALa. — 
The earliest observatioDS on experimental Icucocytosis were those of 
Hirt who, in 1856, reported an increase (100—300 percent) of white 
cells following the administration of Tr. ferri pom., Tr. myrrh,, etc. 
The same effect was noted by Meyer from turpentine, camphor, and 
oil of peppermint. Later Pohl, in the endeavor to explain the origin 
of digestion leucocytosis tested the effects of a large number of drugs, 
finding tliat the aromatic extracts and oils, vegetable bitters, certain 
alkaloids (piperin, strychnia, and others) caused a rather distinct (40- 
120 percent) leucocytosis, when administered to fasting dogs. Alco- 
hols, salts of various alkalis, lead acetate, cupric sulphate, calomel, 
caffeine, and quinine, he found to be inert, and oxide of iron usually 
so. In general these leucocytoses appeared within one-half hour and 
disappeared in two hours, and were therefore less marked and per- 
sistent than those excited by the absorption of digested albumens. 

Repeating these experiments on man, Binz and Limbeck induced 
leucocytosea by means of camphor and oils of cinnamon, peppermint, 
and anise, but Rieder found it impossible to secure much effect from 
extract of gentian or tincture of myrrh. Even such a bland fluid as 
solution of common salt in subcutaneous injection has been shown to 
excite transitory leucocytosis. (Lowit, Rieder.) 

Bernard, and Meyer and Se^en found the leucocytes doubled after 
the administration of 20 gt. of ether. 

Horhaczewski ' found a moderate diminution of leucocytes in man 
afWr administration of quinine and of atropine, and a considerable in- 
crease from antipyrine, antifebrinc, and pilocarpine. The writer has 
failed entirely to produce distinct leucocytosis in rabbits by use of 
pilocarpine. 

Winteruitz studied the effects of a great variety of dnigs with 
special reference to the relation between the grade of local inflamma- 
tion and the degree of intravascular leucocytosis. He divided these 
agents into two classes, one of which, including salts and simple irri- 
tants such as free acids and alkalies, by subcutaneous injection, induced 
slight local disturbance, and moderate leucocytosis and fever, while the 
other, including vesicants, sapotoxin, digitoxin, silver nitrate, copper 
sulphate, mercurials, and antimonials, produced aseptic suppuration 
and higher leucocytosis. He therefore established for these agents the 
same relation between local reaction and general leucocytosis that Lim- 
beck has shown for bacterial ctdturea. 
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2. By Bacterial Cultures. — Liubeck injected cultures o 
teria into the knee-joints of faatiDg dc^, anil tbunil the maximum 
leucocytosts at the end of 6—24 hours, 2—3 times the normul numbers 
being commonly reached, and 88-93 jwrcent of the cells being poly- 
nuclear. The pyogenic staphylococci were most active, incntising the 
leucocytes 6—7 fold ; girrptococcim p^ogeneK came next, and Fried- 
lander's pnenmobadtlue third, in effectivenpss. 

Rieder repeated these experiments using cultures from solid media 
only. He showed that such material was very much less active iu 
producing leucocytosis than arc the fluid cultures, that the increase is 
preceded by a transient decrease of cells, and that the injections may 
be followed by persistent hypo leucocytosis and death of the animal, 

A sufficient number of observations have siuoe shown tliat practically 
all pathogenic bacteria in subcutaneous or intravenous injection exert 
positive chemotactic influence upon leucocytes. The dnralion of tlie 
period of diminution and the degree of subsequent increase of leuco- 
cytes vary considerably with different species, cultures, and individuals. 

3. By Bacterial Proteins, etc. — After Limbeck's demonslm- 
tion of tiie chemotactic effects of bacterial cultures, it was b(m)d shown 
that various bacterial and other extracts are equally powerful exritiintt 
of leucocytosis, as i.»daverin, putrescin, ptomaines of decomposing 
flesh, extracts of sterilized cultures of staphylococci, and phh^osin, a 
crystalline alkaloid obtained from similar cultures. (Schcurlen, 
Grawitx,' Behriug,' Arloing, Leber.' ) 

The more complete separation of the active chemotactic prineiiilcs 
of bacterial cultures was accomplished by Buchner following Nencki's 
method. Buchner found that the leucocytes are influenced sulely by 
the albuminous principles of bacterial cultures and these lie isolated 
(Vom a considerable number of s]>ccie9, in the form of bacterial " pro- 
teins." From i{«ciV/iM pyoci/miriuf lie secured a protein which, after 
4 daily doses of 2 grams, increased the leucocytes seven-fold. Testing 
the effects of the detrompositiou-pnxlucis of animal tissue, peptone, 
alkali -albumen, and calcium, he found these agents comparatively 
inactive and concluded lliat tlie principles derived from inflamed tissue 
are Hnim|>ortant adjuncts to the bacterial proteins in exciting inflam- 
matory Icuciicytosis. 

Koch's tuberculin was early shown to cause at the height of the 
reaction a mtKlerate and rather transitory increase of polyuueli>nr leuco- 
cytes and a simultaneous diminution of eosins. (Uskow, Tschistn- 
vitch, /ap|)ert.) Botkin found it impossible to increase the effects by 
repeated daily doses. A marketl and persistent increase of coslnophile 
cells, reaching in one case 85 ]>ercent, and in another continuing for 
ten weeks, following the febrile reaction and frequently associated 
with cutaneous eruptions, has l>een noted by Grawilz,' Neusser,* Canon, 
Botkin,* and Zoppert. 

A recent extensive study by Liebmann indicates that tulierculin is 
positively chemotactic U> Iwtli leucocytes and the tuix-rclc Imcillukn 
drawing each into the circulation, in both man and iinimats. Uol ' 
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maDn could find no great uniformity in the behavior of eosinophile 
oellsy but in rabbits and guinea-pigs tuberculin caused a marked in- 
crease of neutrophile cells^ a moderate increase of mononuclear leuco- 
cytes, and the appearance of a moderate number of mast-cells. 

That leucocytosis follows the injection of a great variety of bacterial 
filtrates and extracts has been shown also by a large number of later 
experiments. The grade of leucocytosis varies considerably, depending 
on the quantity and virulence of the toxine, and the susceptibility of 
the animal. 

Rieder found the leucocytes increased twelve-fold after three daily 
injections of pyocyanin. Occasionally one encounters persistent hypo- 
leucocytosis, as did Romer after using large injections. 

4. By Various Organic Principles. — ^The Dorpat school first 
studied the eflect upon leucocytes of another group of agents, including 
several animal principles. They found hypoleucocytosis followed by 
hyperleucocytosis in marked degree after the injection of fibrin ferment, 
pepsin, peptone, hemoglobin, decomposing albuminous fluids, pus, and 
crushed lymphoid tissue. (Hirt, Bojanus, Hoffman, Himmelstjerna, 
Heyl, Groth.) 

Lowit studied the effects of various albuminous and organic prin- 
ciples, injected into animals, finding hypoleucocytosis followed by vary- 
ing grades of hyperleucocytosis from hemi-albumose, peptone, pepsin, 
nucleinic acid, nuclein, urea, sodium urate, curare, and pyocyanin and 
tuberculin. 

Vegetable albumens were first used to excite local purulent exudates 
by Buchner, who obtained aseptic pus in large quantities by the injec- 
tion into the pleura of ground wheat, pus, fossil earth, and gluten- 
casein. Rieder and Hahn also secured a high grade of leucocytosis by 
the same agents. 

Groldscheider and Jacob proceeded still further in the study of the 
chemotactic properties of animal extracts finding powerful effects from 
the injection of glycerine extracts of spleen, thymus, and marrow, but 
Done from extracts of thyroid, liver, kidney, and pancreas. 

Applications of Experimental Leucocytosis. — In 1894 Paw- 
lowsky reported that he had saved animals from fatal doses of anthrax 
by injections of papayotin, abrin, and ricin, which are very active ex- 
citants of leucocytosis, and he recommended that anthrax in man be 
treated by local injection of these agents. In guinea-pigs and rabbits 
in which leucocjrtoses had been excited by papayotin, or better by 
abrin, injections of tubercle bacilli were less frequently followed by 
generalization of the tuberculous process, sometimes by greater ten- 
dency to fibrous growth in the tubercles, or even by total disappearance 
of tubercles already existing. 

In 1895 Lowy and Richter reported that rabbits in which they had 
established marked leucocytosis by repeated injections of " spermin " 
withstood injections of pneumococcus cultures 3-4 times as large as 
were required to kill control animals. The therapeutic effect was 
much less marked when the bacterial injections followed those of 
spermin within 24 hours or less. 
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Goldschcider and MuUer then took occasioo to recall some unsi 
oeasrul ex|ieriments of their own performed on guinca-ptgs, in whi 
leucocytoais had been excited by injections of splenic pulp extract. 
This procedure they had found to yield no therapeutic influence on in- 
fections by BacUlun tUphth^rite, (etant, proleus, or pneutitococcut. 

Goldscheider and Jacob had also previously attempted, without 
succesB, to favorably influence by artificial leucocytosis the course of 
tj'phoid fever and puerperal sepsis. 

In animals which had received injections of albunioses Jacob found 
tliat subsequent infection with virulent bacterial cultures was belter 
withstood if the infection occurred when the leucocytes were on the 
increase from the previous injection of albumose, but when the in- 
fection occurred in the stage of hypoleucocytosis, it was more rapidly 
iatal than in the control animals. Considerable therapeutic effect was 
apparently obtained when the administration of albumose occurred 
during the increase of leucocytes resulting from the bacterial injection. 

Hahn was able to retard the progress of anthrax infection in rabbits 
by previously exciting leucocytosia by means of albumoses, but with a 
few favorable results were a larger number of failures. He went on 
to show that the bactericidal action of blo^xl both in man and animals 
is increased during the stage of hyperleucocytosis. 

From the foregoing studies it is evident that there is a rational 
basis for the employment of artificial leucocytosis in ibe treatment of 
some infectious processes, since both the phagocytic and bactericidal 
powers of the blood are thereby increased. Yet the results in man 
are as yet not very favorable, since there is no known method of ex- 
citing with impunity continuous leucocytosis in the human subject. 
The limitation of puerperal septicemia by exciting localized abscesses 
by injections of vesicants, the extrusion of inoperable malignant tumors 
by erysipelas, and the treatment of typhoid fever with pyocyanin, il- 
lustrate some of the practical difficulties in the way of this branch of . 
therapeutics. 
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THE OOOTJSBENOE OF E08IN8, MAST-CELLS, 
MYELOCYTES, AND LYMPHOCYTES. 

EOsmoPHnjA. 

Physiological Variations. — The number of eosinophile cells in the 
blood of healthy adults varies according to S^appert, between 55-784 
per cubic millimeter (.67-11 percent), but in the majority of indi- 
viduals the limits arc between 1-4 percent. Zappert regards 50-100 
per cmm. as a low normal count, 100-200 as intermediate, 200-300 as 
high normal, and over 300 as pathological. 

In children a relatively high proportion of eosinophile cells is the 
rale, and the variations in number are slightly greater. The average 
appears to be about 1—2 percent greater than in adults. 

There are no uniform changes referable to old age, sex, pregnancy, 
menstruation, or digestion. A slight increase after coitus has been ob- 
served. 

Pathological Variations. — From the fact that eosinophile cells may 
be multiplied many times without passing the limits established as 
physiological, it is obvious that none but considerable changes in their 
absolute numbers can have any distinct pathological significance. Yet 
the observations on eosinophilia have referred quite as much to per- 
sistently high or low averages within normal limits, as to distinct in- 
crease or decrease; and a certain pathological significance has been 
shown to go with these lesser variations. 

Diseases of the Blood. — In leukemia the presence of large numbers 
of eosins was first regarded by Ehrlich as the pathognomonic sign of 
myelogenous leukemia, but it has since been shown that eosinophilia 
may be very marked in other conditions, and that the proportion of 
these cells in leukemia almost invariably lies within normal limits (1-7 
percent). Their total numl>ers however are very greatly increased, 
Rieder's highest estimate reaching 29,000 per cmm. In lymphatic 
leukemia they are commonly absent. 

The presence of eosinophile myelocytes was regarded by Muller and 
Rieder as pathognomonic of leukemia, but these cells are not infre- 
quently found in other conditions. The writer finds that very large 
darkly-staining eosinophile granules in mononuclear cells are practi- 
cally limited to leukemic blood, but isolated examples have been seen 
in malaria. (Bignami.) 

In chlorosis, the eosins may be moderately increased, normal, or 
much diminished. Zappert was unable to verify Neusser's belief that 
absence of eosins in chlorosis is of unfavorable import. 

In Secondary anemia the occurrence of eosinophile cells depends 
largely upon the underlying condition, the anemia itself not effecting any 
increase but rather a decrease. There are, however, many examples 
of secondary anemia with marked eosinophilia, e. g.j anchylostomiasis. 

Diseases of Lnngs. — The occurrence of large numbers of eosinophile 
cells in the blood and sputum of asthmaJtics was first noted by Gollasch 
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and has been uniformly confirmed by later observers (Leyden^ Zap- 
pert, Mandybur, Weiss, Grabritschewski), who have found them to vary 
in the blood of such cases from 9-22 percent. In simple emphysema 
they are not markedly increased, and in pulmonary tuberculosis they 
are usually much diminished. Where tuberculosis complicates emphy- 
sema, both blood and sputum may, however, show an excess of eosino- 
phile cells. (Weiss, Axonson and Philip.) 

In tvierculosis of lungs or other tissues, an absence of eosinophile 
cells from the blood is often observed, and this fact has been of con- 
siderable value in differential diagnosis between this and other con- 
ditions in which normal or increased numbers of these cells are present 
Yet when tuberculosis is accompanied by cachexia and irregular 
suppuration, eosinophile cells may reappear in moderate numbers. 
Neusser believes that when eosins persist in tuberculosis, the outcome 
is usually favorable, since gouty subjects are comparatively resistant 
to this infection. Yet tuberculosis in emphysematous lungs is not in- 
frequently seen at autopsy. The eosinophilia following injections of 
tuberculin has already been considered. 

In febrile diseases of liver and gastro-intestinal tract the occurrence 
of eosinophile cells in the blood shows no uniformity. They have 
been found moderately increased in cirrhosis of liver. 

In chronic nephritis the eosins are apt to reach the higher physiolog- 
ical limits. Neusser believes that uremic seizures are r^ularly ac- 
companied by increase of eosins in the blood, and Zappert and 
Castellino report such cases. 

In nervous diseases, functional and organic, Zappert found, as a 
rule, a moderate increase of eosinophile cells, without being able to 
substantiate Neusser's classification of neuroses into those with and 
those without eosinophilia. The latter he preferred to regard as ex- 
ceptions to the very general rule. In a distinct sympathetic neurosis, 
the eosins were not increased. In general insanity no uniform in- 
crease of eosins has been demonstrated. (Zappert, Krypiakiewicz.) 
Jelliffe found a moderate increase in one, and a total absence of eosins 
in five of twenty cases of general paresis. In Basedow's disease the 
eosins are usually increased. (Neusser.) 

Neusser finds an increase of eosins in a variety of nervous disor- 
ders, the psychoses of menstruation, puerperal mania, epilepsy, tetany, 
Basedow's disease, hemicrania. In acute mania not connected with 
pregnancy, and in melancholia, Somers found a well-marked and uni- 
form eosinophilia. 

Tumors. — From observations on 24 cases Zappert concluded that a 
very uncertain eosinophilia may occur with new growths, especially 
when cachexia is not advanced. He found 17.76 percent of eosins in 
one of several cases of lymphosarcoma, and a distinct increase in 
isolated cases of carcinoma. Neusser claims that eosinophilia arising 
in the course of a tumor growth indicates metastasis in the marrow, 
and Reinbach found 60,000 eosins in a case of lymphosarcoma with 
metastasis in the marrow. 
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Bkin, IMMftses. — ^Various cataneous lesions have furnished some of 
the most marked and interesting examples of eosinophilia. While the 
highest nnmberB of these cells have been found in pemphigus (4^800)9 
it has been shown bj Canon and verified by S^appert that the eosins 
are affected not so much by special forms of cutaneous lesions as by 
the extent, intensity, and lack of healing tendency, on the part of the 
lesion. Moreover it appears that local afflux of eosinophile cells oc- 
curs in the early and in the less active stages of many cutaneous 
lesions, and is often insufficient to cause a general increase in the 
blood. That many lesions are caused by local toxic agents having 
q>ecial chemotactic influence over eosinophile cells is indicated by the 
fiict that in pemphigus artificial blisters do not necessarily contain the 
larger numbers of eosins that are found in the spontaneous lesions. 
(Rrabich.) 

Among the diseases showing high eosinophilia may be mentioned : 
pemphiffus, eczema, sclerodenna, psoriasis, pellagra, lupus, if widespread, 
urticaria (60 percent Lazarus). (S^appert, Neusser, Canon, Tscheleneff, 
Laredde.) 

In the blood of leprosy, Gaucher and Bensaude found 8.48-28 per- 
cent, Darier as high as 61 percent, and Bettman 7-18.4 percent. 

While the vesicles of herpes zoster may contain a high proportion of 
eosins, the blood usuaUy shows no increase of these cells. (Bettman.) 

Poat-iblirile Eosinophilia. — In nearly all forms of acute polynuclear 
leucocytosis an absence of eosinophile cells has been noted. Scarlet 
fever, acute rheumatism, and malaria, sometimes furnish notable ex- 
ceptions to this rule. Early in the decline of the febrile process, and 
before the neutrophile leucocytes have greatly decreased, eosinophile 
cells b^n to reappear, and may shortly be found in more than normal 
numbers. The reappearance of eosinophile cells in pneumonia and 
septic processes, etc., has often been found to herald a favorable turn 
iu the disease, but usually other favorable clinical symptoms are present 
at the same time. 

In malaria, eosinophile cells usuaUy persist in small numbers during 
the paroxysm, while in the afebrile interval, and in chronic cases, a 
slight eosinophilia exists and may be a useful diagnostic feature of the 
blood. 

In acute rheumatism, the eosins are usually present in moderate num- 
bers during the fever, increase slightly during convalescence, and in 
one of Zappert's cases a relapse was attended with a further increase. 

Acnte Exanthemata. — In scarlatina there is a remarkable exception 
to the usual rule that eosins disappear during febrile leucocytoses, for 
in this disease the eosinophile cells usually persist and may be markedly 
increased. This peculiarity was first noted by Kotschetkoff, who 
found that the oxyphile cells steadily increase during the fever, reach 
a maximum in the second or third weeks (8-15 percent) and fall to 
normal in six weeks. In his very severe cases however they fell more 
rapidly. Rille found marked eosinophilia in severe cases and S^appert, 
Silvester, and Felsenthal, have added confirmatory reports. 
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In measles the eosins are usually normal or diminished. (Zappert^ 
Felsenthal, Cabot.) 

In some other acute simple erythemata Zappert found distinct eosin- 
ophilia. 

Gonorrhea. — ^According to Bettman eosins appear in gonorrheal pus 
during the first few days of the disease when the exudate is largely 
serous. Here as elsewhere it seems that when the stage of exudation 
of neutrophile cells is reached the eosins largely or entirely disappear^ 
to return again during the decline of the discharge. This latest con- 
tributor also agrees that the involvement of the posterior urethra and 
prostate is usually attended with a marked increase of oxyphile cells in 
the discharge^ and he finds further a similar influence from the involve- 
ment of the epididymis. 

Most observers are agreed that the eosinophile cells of the blood are 
increased when they are abundant in the discharge, but not in any pro- 
portionate degree. (Posner, Finger, Pezzoli, Janowski, Epstein, Tsche- 
leneff, Vorbach.) Bettman found 25 percent in a case complicated by 
epididymitis. 

Ssrphilis. — A very uniform increase of eosins accompanying cuta- 
neous syphilis was noted by Rille and by Loos, but the observations 
of Muller and Rieder and of Zappert, though less numerous, did not 
bear out these claims. In a case of congenital syphilis Muller and 
Rieder found a well-marked increase (12 percent). 

Of osteomalacia Neusser finds two types, with, and without, eosino- 
philia. The latter are usually advanced cases with inflammatory 
changes in the bones and marrow and myelocytes in the blood. The 
former include those cases in which castration has been followed by re- 
covery. 

Gout. — Neusser first called attention to the high proportion of 
eosinophile cells in the blood of gouty subjects. Although his opinion 
was not based on extensive observations or reports, it will generally be 
found that in the gouty diathesis the eosins reach Zappert's intermediate 
or high normal limits. Yet in testing this rule the writer soon found 
that this feature of the blood is of little value in the diagnosis of acute 
gout, meeting with cases in which the blood contained few oxyphile 
cells. In the irregular manifestations of the diathesis, eosinophilia ap- 
pears to be more uniform but still subject to many variations. 

Intestinal Parasites. — Infection with various common intestinal para- 
sites is accompanied by extreme eosinophilia, as first noted by Buckler 
in 1894. 

In cases infected by Oxyuris, Buckler found 19 percent of eosins; 
by Ascaris, 16 percent; Anchylostomaf 72 percent; Tenia medhcanel- 
latUf 34 percent. In most of these cases eosinophile cells and Charcot- 
Leyden crystals are abundant in the feces. 

Anehylostomiasis, however, is not always accompanied by eosino- 
philia or crystals in feces. (Ehrlich.) In the anemia from Bothrioceph" 
cUus lotus Schumann found few eosins in the blood. Trichinosis has 
lately been added to the list of diseases marked by extreme eosinophilia. 
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Origin and Significance of Eosinophilia. — The very diverse 
opinions that have prevailed regarding the origin of eosinophilia can 
only be finally reconciled by holding strictly to the view that eosino- 
phile cells are derived solely from the eosinophile cells of the bone 
marrow. That a local multiplication of these cells may occur under 
many circumstances is however strongly suggested by their abundance 
in certain foci^ especially in the skin and mucous membranes. Thus^ 
in the absence of general eosinophilia^ rich deposits of eosinophile cells 
are often found in normal tissues^ in cutaneous vesicles and pustules, 
in chronically inflamed mucous membranes, in nasal polyps and other 
tumors, and in leprous, tuberculous, and syphilitic lesions. Lately 
they have been found in very large numbers in bloody exudates in 
the pleura. (Weiss.^) Their abundance in the mucosa and exudate 
of the inflamed bronchi in asthma, led Neusser, and on parallel grounds 
many others, to actively maintain their local origin apart from the bone 
marrow. In one case of pemphigus with marked local and general 
eosinophilia, Neusser * is reported to have found no increase of eosins 
in the bone marrow, but studies in this important field are yet entirely 
inadequate to figure in the discussion. In the marrow of cases of 
malaria showing eosinophilia the writer found an increased number of 
eosinophile cells, while in other cases without eosinophilia, these cells 
in the marrow also were deficient. Dominici found an excess of eosins 
in the marrow of a rabbit showing marked eosinophilia. 

The exponents of the local origin of eosinophile cells have been un- 
able to bring forward evidence to prove that these cells undergo 
mitotic division in the skin or that neutrophile granules are there 
transformed into eosinophile. 

The writer believes that all the phenomena connected with general 
and local eosinophilia can best be explained by the same chemotactic 
principles that are known to control neutrophile cells. From the ob- 
servations on eosins in gonorrheal pus, in cutaneous and serous exu- 
dates, and in the blood, it appears that inflammatory products attract 
eosins at one stage and neutrophile cells at another, more acute, stage. 
As purulent exudates of small extent may cause no general leucocy- 
tosis {e, g.^ furunculosis), so, many cutaneous lesions with exudates 
composed largely of eosins cause no general increase in the circulation, 
but when either reaches a certain grade the neutrophile or eosinophile 
cells are drawn from the marrow in suflScient numbers to cause a 
noticeable increase in the blood. 

Ehrlich finds reason to believe that substances which attract eosino- 
phile cells may be derived /rom (lie desttniciion of epithelial cells ^ as seen 
in the local eosinophilia about the ulcers of lupus after injection of 
tuberculin ; from the mu<nn in nasal polyps ; and from toxines of para- 
Hites. Michaelis has shown that when lactation is interrupted in the 
guinea-pig many eosinophile cells collect in the breasts. But in the 
human breast after stagnation of milk linger found many mast-cells. 

Weiss has recently maintained that local eosinophilia tends to occur 
where there is extensive extravasation of blood, the derivatives of Hb 
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being absorbed by the polynuclear cells and deposited in the form of 
eosinophile granules. He bases this opinion on the observation of a 
case of septicemia with hemorrhagic pleural effusion. In the blood 
there were 40 percent of eosinophile oells^ while in the sediment of the 
exudate 76 percent of these cells were found. He refers to two other 
somewhat similar cases reported by Harmser. 

The most comprehensive view of the significance of eosinophilia is 
that of Neusser ^ and his pupils^ who, from extensive observations have 
found evidence that the svpply of eosinophile cells in the blood is con- 
trolled by the sympathetic nervoris system^ and that eosinophilia is the ex- 
pression of sympathetic nei^vous irritation. This irritation they believe 
may proceed from the generative organs, ovaries, uterus, or prostate, 
disorders of which, with their related neuroses, are usually accom- 
panied by eosinophilia ; from the skin, diseases of which have furnished 
some of the best examples of eosinophilia ; from the intestines, from 
which the toxemia of parasites and that of gout, which Neusser regards 
as of intestinal autotoxic origin, give rise to marked eosinophilia, etc. 

Following out this idea Neusser has elaborated an extensive scheme 
of the altruistic relations of the viscera in disease, by which he is able 
to correlate nearly all the diseases showing eosinophilia. He finds a 
necessary sequence of events in a case which suffered from migraine in 
youth, pemphigus and asthma in old age, and died from cancer of the 
prostate with general metastasis in the bone marrow. 

Although the recent tendency has been to deny any great impor- 
tance in Neusser's conception of eosinophilia, it must be remembered 
that it is based on a well-known and far-reaching principle in path- 
ology. While in practice a great many exceptions have been found 
to the rules which he formulated, it will yet be wise to keep them in 
mind in drawing conclusions from eosinophilia. 

Value of Eosinophilia in Diagnosis. — ^In general, the presence of a 
moderate or increased number of eosins in the blood is oflen of value 
in the diagnosis between a condition in which these cells are known to 
persist as against those in which they are commonly absent. The 
writer has found situations of the sort most frequently in the diagnosis 
between goviy and tvbercuUms affections. 

Other situations have arisen in the diagnosis between active malarial 
and typhoid fevers, scarlet fever and measles, trichinosis and rheuma- 
tism. 

In prognosis the reappearance of eosins in suppurative processes is 
undoubtedly a favorable sign indicating the approach of defervescence. 

Many clever deductions have been drawn by Neusser and his pupils 
from the behavior of eosinophile cells in the blood, but others have not 
been so successful in this field. 

OOOTJBBENOE OF MAST-OELLS. 

The knowledge of mast-cells dates chiefly from the studies of West- 
phal, 1880, and of Unna, who found abundant collections of large 
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monoaoclear cells with large strongly basophile granules^ in tumors, and 
in tabercoloos, syphilitic^ and other lesions of the skin. The occurrence 
of such cells in tissues has since been described by many writers and 
it is now accepted that their appearance is favored by a considerable va- 
riety of chronic disturbances of nutrition in tissues and that they are 
commonly associated ¥rith eosinophile cells. The majority of coarsely 
granular basophilic cells in tissues, are not, however, identical with the 
msstrcells of the blood. 

In the blood, Canon failed to find them in 9 of 22 healthy subjects, 
counting 500-1,000 leucocytes, while in the other 13 cases they 
yielded an average of .47 percent. In a variety of skin diseases (20 
cues) they were slightly more numerous (.58 percent) and in general 
woe slightly increased when eosinophile cells were abundant. Sher- 
rington found them distinctly increased in the blood of moribund 
cholera patients. The writer constantly fails to find masl^ceUs in the 
better class of healthy subjects, but in hospital and dispensary cases 
with leaser ailments they appear to be more numerous. In cases of 
severe malaria he has seen them more abundant in the blood than in 
any condition except leukemia, while in the viscera of such cases large 
granular basophilic cells were unusually frequent. 

Neosser examined a gonorrheal exudate composed exclusively of 
mast-cells. (Letter to Ehrlich, Die Anaemie, I., p. 111.) 

In myelogenous leukemia there is, in the majority of cases, mast-cell 
leucocytosis, these cells being here more abundant than in any other 
condition. They often outnumber the eosinophile cells (Ehrlich), and 
most be considered the sole isolated pathognomonic sign of this disease. 
The writer cannot support Ehrlich's statement (Die Anaemiej p. 123), 
that they are invariably present in considerable numbers in myeloge- 
nous lei^emia, having missed them entirely in some cases of acute 
leukemia and searched in vain over thousands of cells in chronic cases. 

Elhrlich believes that mast-cells are derived exclusively from the 
bone marrow, and respond to chemotactic influence from principles 
however which are very rarely present in the human organism. 

OOOUBBENOE OF liTELOCYTES (EHBLIOH'S). 

Although the eosinophile myelocytes and to a less extent CorniPs 
very large pale neutrophile myelocytes are found almost exclusively 
in myelogenous leukemia, the smaller variety of mononuclear neutro- 
phile cells have been shown to occur in the blood in a considerable 
variety of conditions. 

From the many recent reports of the occurrence of a few myelocytes 
in the blood it appears that such cells may be swept from the marrow 
by several distinct causes. 

1. AOOOMPANYING THE POLYNUCLEAR LEUCOCYTOSIS OF INFEC- 
TIOUS DISEASES, a considerable number of myelocytes may be found. 
This fact first appeared in the studies of Turk, was emphasized through 
the discovery by Engel of unusually large numbers (12 percent) in 
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unfavorable cases of diphtheria^ and has since been extended by others 
to most severe, acute, and subacute infections. 

Usually the percentage of these cells in poly nuclear leticocytosis is 
much lower than in diphtheria, and not being associated with eosino- 
phile cells or mast-cells it can seldom raise a suspicion of leukemia. 
Nevertheless a difficulty arose with a case of acute leukemia, observed 
by Thomson and the writer, in which the first examination of the 
blood in a case resembling typhoid fever showed leucocytosis and 5 
percent of myelocytes. A few days later there were 12 percent of 
myelocytes and at the autopsy the lesions of leukemia were demon- 
strated. Eosins and mast-cells were absent. 

The presence of myelocytes in polynuclear leucocjrtosis is readily ex- 
plained by the hyperplasia and hyperemia of the marrow. 

2. In primary and secondary anemias of severe, or even of 
moderate grade, a few myelocytes have frequently been observed. 
^Klein, Krebs, Loos, Hammerschlag, Capps.) They are perhaps most 
irequently seen in pernicious anemia (Neusser), in the anemia of 
syphilis (Rille), with malignant tumors (Cabot), and in v. Jaksch's 
anemia. It has been supposed that tumors involving the marrow 
would yield myelocytes as well as eosins in the blood, but this suppo- 
sition has not been verified in fact, although they have been noted in 
considerable numbers in rachitis, osteomyelitis, and osteomalacia. 

In all the above conditions the appearance of myelocytes must be 
referred to hyperplasia of red marrow, or mechanical dislodgment of 
marrow cells resulting from structural changes in the marrow or 
hydremic states of the blood plasma. 

3. After severe mechanical disturbances of the circu- 
lation a few myelocytes may be found in the blood. This rule is 
illustrated by their discovery in the blood of uremia, asphyxia, acute 
mania, etc. (Neusser.) The writer has seen a few myelocytes appear 
during ante-mortem leucocytosis. 

The occurrence of myelocytes in leukemia will be considered with 
that disease. 

LYMPHOOTTOSIS. 

A relative or absolute increase of lymphocytes in the blood is of 
frequent occurrence and has at times important significance. In 
speaking of lymphocytosis, as of eosinophilia, since each of the cells 
concerned represents an independent series, conceptions will be more 
accurate if the actual numbers found, as well as the relative propor- 
tions, are reported. In estimating lymphocytosis it is important to 
distinguish also between the large lymphocytes and large mononuclear 
leucocytes with faintly basophile protoplasm. 

Physiological variations in the proportions of lymphocytes are 
observed at different periods of life. The first embryonal leucocytes 
are all mononuclear basophile cells (Saxer), but as other varieties of 
leucocytes make their appearance, the proportion of lymphocytes 
diminishes till, at birth, the healthy infant shows 50-66 percent of 
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these cells. Throughout healthy infancy^ this proportion steadily 
diminishes till, at the tenth to fourteenth years, the usual percentage 
is 27-30 percent. 

Pathological Lymphocytosis. — Anything which interferes with 
the natural development of the infant retards the progress of this 
change in the proportion of lymphocytes, which is found to be rela- 
tively high in anemic or poorly developed children. Sometimes the 
development of lymphatic tissue reaches an excessive grade, and a 
condition known as '' condituHo lymphaiica " is established, marked by 
lymphocytosis, with simple hyperplasia of many lymph nodes and of 
the red marrow, by rachitis, and by many other developmental anom- 
alies. Since Ohlmacher has demonstrated that most cases of idio^ 
pathic epilepsy are associated with the constUutio lymphaiica, it is 
reasonable to suppose that lymphocytosis is a frequent feature of the 
blood in such cases. The lymphocytosis of Basedoto's disease should 
probably be placed in this connection. 

Rachitis is almost always attended with a well-marked increase in 
the number and proportion of lymphocytes in the blood. (Rieder, 
Monti, Ber^run.) This fact is plainly referable to the lymphoid 
hyperplasia and the hyperemia of the bone marrow in this disease. 

In some tumors Reinbach has reported an extreme diminution of 
lymphocytes, only .6 percent being present in one case of lymphosar- 
coma colli. This result is referred by Ehrlich to closure of the lymph 
paths by sarcomatous growth. In many lymphomata, however, there 
is marked uniform lymphocytosis, and it would appear that these neo- 
plasms when leaving the lymph paths free induce lymphocytosis. As 
the more malignant tumors obliterate lymph paths, some inference re- 
garding prognosis may be derived from the presence or absence of 
lymphocytosis in these cases. Various other types of sarcoma are fre- 
quently associated with lymphocytosis and there are on record several 
cases of sarcoma associated with lymphatic leukemia. (See Leukemia.) 
In most splenic tumors there is relative or absolute lymphocytosis. 
(Muller and Rieder, Weiss.*) On the other hand, after splenectomy 
in animals, prolonged lymphocytosis is usually observed. (KurloflF.) 
In man, both mononuclear and polynuclear cells are usually much in- 
creased after this operation. 

The lymphocytosis of infectious diseases is probably always associated 
with acute hyperplasia of the lymphatic structures. 

In typhoid fever the hyperplasia is most marked in the abdominal 
nodes and spleen, but may become more general. There is in this 
disease a relative lymphocytosis, which after the first week usually in- 
creases till there is a high percentage of lymphocytes. The writer has 
found a uniform relation between the lymphocytes in the blood and 
the grade of lymphatic hyperplasia found at autopsy. In one case the 
examination of the blood led to a strong suspicion of lymphatic leuke- 
mia, and at autopsy the mesenteric glands were of unusually large size, 
and the edges of the partly necrotic intestinal ulcers rose 1.5 cm. above 
the mucosa. 

10 
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In ihe infectious diseases of children a well-marked lymphocytosis, 
together with increase of neutrophile cells, is so common that it should 
occasion no surprise, and points merely to a special involvement of the 
lymphoid tissues. 

In diphtheria a close relation between lymphocytosis and lymphatic 
hyperplasia was noted in some of the writer's cases. In others, how- 
ever, the lymphocytes, though increased, were not in relatively high 
proportion, while the cervicjd lymph nodes were much enlarged. 

In broncho-pneumonia Cabot reports a case with 94,600 leucocytes, 
69 percent of which were lymphocytes. 

In whooping-cough during the convulsive period Meunier found the 
neutrophile cells doubled but the lymphocytes quadrupled in number. 

During the course of meades, at the close of scarlet fever or small- 
poXy and during prolonged lysis in pneumonia (Klein), a relatively 
high proportion or increased number of lymphocytes is usually ob- 
served. 

In the less acute diarrheas of infancy^ lymphocytosis is the rule, 
and is referable to the hyperplasia and irritation of the intestinal lym- 
phoid structures. (Weiss.*) Digestion leucocytosis is also for the same 
reason largely a lymphocjrtosis. (Rieder.) In the initial or persistent 
hypoleucocjrtosis sometimes observed in infectious diseases (pneumonia, 
diphtheria), the remaining cells are largely lymphocytes. 

Of chronic diseases affecting the lymphatic tissues both tuberculosis 
and syphilis are frequent causes of lymphocytosis. 

In various forms of pulmonary and visceral tuberculosis the leuco- 
cytes are usually normal or diminished in number and the majority of 
those remaining are lymphocytes, a relation which is of course altered 
when from any cause polynuclear leucocytosis is established. The 
condition of the blood is here in accord with the histological character 
of the visceral lesions in which the infiltration with " round cells " is 
a prominent feature. 

Lsrmphatic anemia is a term applied by Neusser to a rather charac- 
teristic group of cases in which there is chlorotic anemia, lymphocy- 
tosis, and, usually, evidence of tuberculosis. Kieder could not agree 
with Neusser that most cases of chlorotic anemia with increase of 
lymphocytes are associated with tuberculosis and are of less favorable 
prognosis. The writer finds that the chlorotic anemia of tuberculosis 
as a rule shows absence of eosins as well as increase of lymphocytes. 

Injections of tuberculin are usually followed by fever and lymphocy- 
tosis, which may be referred to irritation of inflamed tuberculous 
lymph nodes. (Ehrlich.) 

In congenital and in secondary a/cquired syphiliSy it has been shown 
by Bieganski, Kille, Anc, and others, that there is uniform and con- 
siderable lymphocytosis, which must here again be referred to the in- 
volvement of lymph nodes. 

The presence of an increased proportion of lymphocytes in some 
cases of scurvy and hemophilia, has been observed by Neusser, and the 
same feature is recogniTed by Ehrlich in many severe anemias. In 
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anemia infantum pseudo^eukemica the very numerous leucocytes are 
principally large mononuclear cells. In pernicious anemia, a consider- 
able leaoocytosis may consist largely of lymphocytes. 

Experimental lymphocytosis has been produced by injection of 
tuberculin and of extract of carcinomatous tumors by Grawitz who 
refers this effect to the lymphogogic action of these agents. Wald- 
stein reports lymphocytosis in rabbits from pilocarpine^ which the 
writer finds to induce in rabbits only a relative increase of lympho- 
cytes by diminution of polynuelear cells. 

In the origin of lymphocyUma Ehrlich finds that mechanical rather 
than chemotactic influences are chiefly or wholly concerned^ since the 
lymphocytes are not sensible to chemotactic attraction. 

The histology of tuberculous and syphilitic lesions^ especially of 
the '^ lymphoid tubercle '' and chancre^ indicate that there are some 
conditions which gather large numbers of these cells from the blood 
and lymph nodes. Janowsky's experiments in which large collections 
of lymphoid cells were shown to gather at the site of injection of 
turpentine, etc., point to the same conclusion. In all of these situa- 
tionsy however, the lymphocytes, like eosinophile cells, seem to follow 
entirely different rules from those governing neutrophile cells, a fact 
which emphasizes the importance of Kanthack's classification of lym- 
phocytes and eosins as celomic, the neutrophile, as hemic cells. 

In general J lymphoeyUms seems to result from mechanical discharge of 
ceils from lymphoid structures, aided by diminished blood pressure and 
increased flow of lymph. 

Relation of Lymphocytosis and Eosinophilia. — It is of interest to 
note that a peculiar relation seems to exist between the appearance in 
blood and tissues of lymphocytes and eosinophile cells. Neither are 
apt to appear when neutrophile cells are prevailing in blood or exu- 
date, but either may be found in the less acute exudative processes. 
The sequence of lymphocytosis followed by eosinophilia is especially 
clear after the injection of tuberculin (Grawitz) and after splenectomy 
in animals. (Kurloff.) Many other less patent examples of this rela- 
tion may be noted by comparing the conditions showing lymphocytosis 
or eosinophilia, as above detailed. 

Large Mononuclear Leucocytos in Lymphocytosis. — In the ma- 
jority of cases reported as showing lymphocytosis no distinction has 
been made between lymphocytes and large mononuclear leucocytes. 
Yet there is considerable evidence to show, as Ehrlich believes, that 
these cells represent separate series, and in some conditions it is the 
large mononuclear leucocytes and not the lymphocytes which are in- 
creased in number. This fact has been noted in v. Jaksch^s anemia, 
especially by Hock and Schlesinger ; in rachitis by Rieder ; in syphilis 
by Rille ; and after smallpox and scarlet fever, by Felsenthal.* It is 
sometimes distinctly seen after splenectomy. In the cases of acute 
lymphemia described by Frankel and others, the majority of cells are 
of large size. The significance of an increase of large mononuclear 
cells apart from lymphocytes cannot at present be stated. 
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CHAPTER V. 



DEVELOPMENT OF BLOOD CELLS. 



While the mode of origin of the first blood cells of the embryo has 
been fully determined, the alterations in the process which supervene 
during late fetal and adult life still remain an obscure and difficult 
problem. It becomes necessary, therefore, to consider separately the 
formation of blood cells at diffierent periods of intra- and extra-uterine 
Ufe. 

EBYTHBOOYTES. 

Formatioii of Bed Oells in the Embryo. — In early embryonal 
life the formation of red cells in isolated groups of mesodermal cells in 
the " vascular area " of the chick was first noted by Pander, who named 
these foci "blood islands." The 

process was later studied more Pio 29. 

closely by Hiss, Remak, KoUiker,* 
Wissosky, Klein, Strieker, and 
others. From their researches it 
appears that the first blood cells of 
vertebrates are formed by the ap- 
pearance of Hb in some of the cells 
of the mesodermal cords which go 
to form the first capillaries. Upon 
the formation of the vessel these 
cells lie free in the lumen as nu- 
cleated red blood cells. Both the 
vessel wall and the primitive ery- 
throcytes are thus derived from the 
same group of cells. 

Theory of Endoglobnlar Formation 
of Bed Oells. — In many mammals 
all the early red cells are nu- 
cleated, but in some (rat, guinea- 
pig), many non-nucleated red cells 
are abundant at an early stage, al- 
though in the human embryo they appear certainly only after the fourth 
week and form only 25 percent of the red cells at the fourth month. 
The formation of the first non-nucleated red cells has been studied by 
Schafer, Ranvier, Hayem, and others, who describe in the rat and 
guinea-pig, the appearance in certain large connective tissue cells 
(angioblasts, hematoblasts, edlules vaao-farmatives) of discs and globules 





Theory of endoglobular formation of red cells. 
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of hemoglobin, which, by subdivision of the body of the cell, become 
non-nucleated red blood cells. These red cells soon come to lie free 
in a central cavity within the cell, which is itself transformed into a 
young capillary. According to this theory, the red discs are not cells 
but fragments of cells, of endoglobiUar origin, while nudeaJted red cells have 
a different significance, being formed by mitotic division of other nudeaied 
red cells. With the development of the lymphatic system and liver, 
the intracellular formation of red cells is said to cease, and few or no 
traces of it have been described in most mammals at birth. Kuborn 
and Malassez, however, 'describe the formation of red cells in the late 
embryonal liver and marrow, through gemmation of the giant cells of 
these organs. 

The theory of intracellular formation of blood discs has not been supported 
by more recent investigations. Spuler and Saxer find no traces of such a 
process, regarding the vaso-formative cells of Ranvier as endothelial cells 
which have become separated from the delicate young vessels and have 
carried with them some of the red cells of the vessel. In the adult marrow 
such cells have not been fully identified. Recently, however, Francois has 
attempted to substantiate the theory of endogenous red cell formation in 
the rabbit. 

In laier embryonal periods the process of development of red cells is 
very similar to that in extra-uterine life. 

Mode of Origin of Bed Oells in Late Embryonal and Extra-uterine Life. 
— That the nucleated red cells of the marrow multiply by indirect di- 
vision of other nucleated red cells was first stated by Bizzozero,^ and 
has been accepted by most histologists. Bizzozero, however, claimed 
that the large nucleated red cell of the adult marrow is the most 
primitive cell in the body capable of producing erythrocytes, believing 
that the intermediate stages between the embryonal wandering cell and 
the colored erythroblast have been lost in later embryonal life. But 
it has since been shown to the satisfaction of most authorities, that the 
series of mitoses leading to the production of red discs begins in color- 
less cells antecedent to the large nucleated red cells, and which are only 
very slightly diflferent from the original mesoblastic cell of the embryo. 
It thus appears that the formation of nucleated red cells in the adult is 
practically the same as in the embryo and that at all periods of life the 
red cell is the product of several series of mitoses of a colorless meso- 
blastic cell. The diflSculty of tracing this series from the large nu- 
cleated red cell to the colorless mesoblastic " mother cell " in the mar- 
row, has given rise to the diverse opinions now held regarding the 
ultimate development of red corpuscles. 

As to the exact morphology of the original erythrobloMs of adult mar- 
row, opinions are more or less at variance, but it is agreed by Neumann,^ 
Rindfleisch, Obrastzow,^ Malassez, Howell, Lowit,^ MuUer, and many 
others, that it is a large mononuclear cell, larger than the ordinary 
nucleated red cell, with pale nucleus and without hemoglobin, and it 
is usually described as lacking a nucleolus. From these ** embryonal " 
cells are derived, by mitotic division, two or more series of cells which 
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gradually approach the type of the nucleated red cell which is rich in 
hemoglobin^ and whose nucleus is compact and pyknomorphous. 

Among dissenting opinions may be mentioned the conclusions of Foa, 
according to whom the red cells are derived from the giant cells of the 
marrow, spleen, and liver, and the theory of Hay em, 2 partially accepted by 
A&nissiew and Pouchet, that the red discs are derived from the blood 
plates. 

Hoarding important details in the origin and relation of the formative 
erythroblasts, opinions are also widely at variance. 

Lowit describes in the marrow, spleen and lymph nodes, two separate 
series of colorless cells which produce, one, leucocytes, the other, red cells. 
The cells of these two series differ in the structure of the nucleus, in the 
fitct that one type (leucoblasts) exhibits ameboid and phagocytic activity, 
and in their method of division, the erythroblasts multiplying by indirect 
division, the leucoblasts by a modified form of karyokinesis described as 
dknno indirecta per granula. According to Liowit the red cells are derived 
from the erythroblasts after these have reached the circulation from the 
lymphoid tissues. 

Bizzozero^ describes the primitive erythroblast as separate from the 
leucoblast, both in morphology and especially in its relation to the blood 
vessels of the marrow. While numerous nucleated red cells in mitotic 
division are found, according to Bizzozero, in the masses of cells lying within 
the capillaries of the marrow of birds, intervascular tissue is entirely free 
from such cells. The capillary network of the marrow is, therefore, an en- 
dovascnlar blood-gland. This observation has been verified by Torre, 
Salvioli, and Denys, for nucleated hemoglobin-holding cells, but other 
authors trace the erythroblasts back to colorless cells, which are not in- 
variably intravascular. In man, however, while the erythroblasts lie closer 
to the lumen of the capillary than do the leucoblasts, the walls of the 
sinuses are incomplete and the islands of nucleated red cells are found in the 
midst of masses of leucoblasts. (Muir.) 

H. F. Muller describes a common form of mother cell, for both red and 
white blood cells. By their indirect division are produced (1) cells which 
resemble the original, (2) mononuclear leucocytes, and (3) nucleated cells 
which develop hemoglobin and by the gradual disappearance of their nuclei 
become the non-nucleated red blood discs. 

Denys believes, with LiOwit, that there are two separate developmental 
series of leucoblasts and erythroblasts, each of which multiplies by mitosis, 
and is originally colorless. Both are ameboid, but the erythroblasts are 
very slightly so. Denys, like Bizzozero, finds that the leucoblasts lie in the 
cords outside the vessels of the marrow, while the erythroblasts are found 
within the vessels. 

Hayem believes the red blood discs to be derived from the blood plates of 
Bizzozero, which he therefore calls ^^hematobUuis,^^ He claims to have seen 
all transition forms between blood plates and red blood cells and finds that 
when blood formation is unusually active the blood plates and the transition 
forms are more abundant. In regard to many details of the origin of blood 
plates and their transformation into red cells, Hayem was unable to reach 
satisfiEtctory conclusions. 

To summarize the work in this field, it may be said that we do not 
know certainly whether any common cell of origin of red and white 
blood corpuscles exists in the late embryo or adult, or whether these 
corpuscles are derived from completely separate series. The late con- 
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tributions favor the existence of a common mother cell for both groups, 
persisting at least into late embryonal life. 

The Transforznation of Nucleated Bed Oells into Blood Discs. — To that 
minority of observers who believe that the red blood discs are derived 
from other sources than the nucleated red cells the task of explaining 
the disappearance of all trace of the nucleus of the parent cell presents 
no difficulties. Among the majority of writers who accept the origin 
from nucleated cells, the theories regarding the disappearance of the 
nucleus are various but none has been fully demonstrated. 

Kolliker,* Bizzozero,^ Neumann,* Lowit, Foa, and many recent ob- 
servers believe that the nucleus gradually disappears in the cell. The 
difficulty in accepting this opinion lies in the fact that while red cells 
with rather small nuclei are abundant in red marrow, the fined doges 
of the disappearance of the nucleus are traced only with difficulty. Yet 
Schmidt, Spuler, Israel and Pappenheim, and Masslow, claim to have 
found these final stages in abundance. Ehrlich believes that the 
nucleus of the normoblast is extruded, while that of the megaloblast 
fades within the cell. 

Rindfleish first, and later Howell, described fully the shrinkage and final 
extrusion of the compact nuclei of red cells in man, mammals, and amphibia. 
Van der Stricht, Kostianecki,i Saxer, Albrecht, Disse, Muir, and others 
find that after considerable shrinkage the nucleus may become compact and 
homogeneous or may be fragmented, but it is eventually extruded and either 
breaks up in the plasma or is englobed by leucocytes, giant cells, or endo- 
thelia. The significance of this somewhat remarkable phenomenon has not 
been fiilly demonstrated. The opponents of this theory claim that free 
nuclei are seen in sufficient numbers to account for the production of many 
red cells, only in smears of the marrow, but scantily in sections. The writer 
finds this objection valid, unless the destruction of extruded nuclei is more 
rapid than we have any good reason to believe. 

As a modification of the ** extrusion ' ' theory, Malassez, Fellner, and 
Duval believe that the nucleated red cell extrudes a portion of its substance 
in the form of a red disc entirely free from nuclear material, but the histology 
of the marrow offers insufficient ground for belief in such a process. 

Engel ^ holds that megaloblasts produce megalocytes by gemmation, leav- 
ing normoblasts, from which the nuclei are extruded. Mondino and Sala 
find evidence that the nuclear material finally diffuses along the periphery 
of the cell, where it undergoes a chemical change which causes it to lose its 
affinity for basic dyes. Obrastzow ^ also believes that the nucleus persists in 
diffuse form in the disc, and that it may reappear as a result of post-mortem 
processes. Finally, BDttcher and Brandt claim that the nucleus persists 
and may be demonstrated in the normal red cells by certain staining 
methods, while Wooldridge, and Botazzi and Capelli, by chemical analysis, 
are always able to demonstrate nuclear material in the red cells. 

While the weight of opinion and evidence seems to favor the grad- 
ual fading of the nucleus within the cell, and while it can hardly be 
denied that extrusion frequently occurs, there is abundant evidence to 
show that the red cell is not entirely devoid of nuclear material. The 
chemical analysis of the stroma of these cells decidedly favors the 
presence of nuclear elements (Lilienfeld, Wooldridge) ; the appearance 
of degenerating cells strongly suggests a nuclear remnant, and the em- 
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ployment of recent stains, neutral red, polychrome blue, frequently 
jrields the specific reaction of chromatin in the centers of slightly 
altered red cells. The recent studies of Maximo w indicate that while 
the bulk of the nucleus is extruded, a portion remains in finely granu- 
lar form and imparts a basic staining quality to the centers, specially of 
youDg red cells. 

Seats of Formatioii of Bed Cells. — (a) In the early embryo the pro- 
duction of red cells follows the development of capillary blood vessels 
in many tissues. Very soon the rudimentary liver and lymph nodes 
make their appearance and in them the function of red cell formation 
is gradually concentrated. 

(6) In the fully developed embryoy the majority of investigators locate 
the chief formation of red cells in the liver, to a less extent in the 
spleen, while the bone marrow, which is at first less prominent in this 
process, gradually absorbs the function, and in the human fetus at 
birth represents its chief seat. 

In most infants at birth, however, the liver, and less constantly the 
spleen, are found to contain many nucleated red cells, while in some 
cases the proportion of these cells in the liver is very large and nu- 
merous small collections of them may be found scattered along the 
portal capillaries. 

(c) In Extra-uterine Life. — The fact that the red marrow is probably 
the exclusive depot of formation of red cells in the adult was discov- 
ered almost simultaneously in 1868 by Neumann^ and by Bizzozero.^ 

This original claim has been uniformly substantiated by those later 
observers who recognize as erythroblasts only those cells which contain 
a trace of Hb. Others, as Lowit and Muller, Gibson, Foa, Saxer, who 
trace the red cells back to colorless cells, regard all lymphoid tissues 
as probable sources of erythroblasts. 

In pathological conditions it has been shown that the spleen (Bizzo- 
zero,^ Neumann,^ Howell) in the human adult may resume its embry- 
onal function of red cell formation, as indicated by the presence of 
many nucleated red cells. Under similar conditions it has been shown 
that the limits of red marrow, normally confined to the flat bones, ribs, 
vertebrae, and upper and lower thirds of the long bones, may be ex- 
tended throughout nearly the entire cavities of all bones except those 
of the feet. (Neumann, Litten and Orth, Bizzozero and Salvioli.) 

In infancy, and up to the sixteenth year, the cavities of all bones 
contain almost entirely red marrow, but there are considerable vari- 
ations in the proportions of lymphoid and fat tissue in the shafls of the 
long bones. It is probable that in most healthy infants the formation 
of red cells is already limited to the lymphoid marrow, but considerable 
numbers of nucleated red cells, often grouped in islands, are rather 
frequently to be found in the spleen and liver of apparently healthy 
asphyxiated infants. In the acute and chronic anemias of infancy and 
childhood, the facility with which the spleen and liver resume their 
former r6le of red cell production partly explains the special involve- 
ment of these organs in such diseases. 
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LEUOOOTTES. 

Development of Leucocytos. — The earliest indications of the for- 
mation of leucocytes are seen in the presence of primary wandering cells^ 
of mesodermal origin, which are found principally in the loose connec- 
tive tissues of the early embryo. The specific quality of these wander- 
ing, cells must stand as one of the fundamental facts connected with the 
development of blood cells. Though of mesodermal origin they are 
from the first quite distinct in morphology and apparently in function 
from the capillary endothelium and fixed connective tissue cells. The 
primary wandering cells are of large size, 8-9 // (Saxer), with a single 
large nucleus containing one or more nucleoli and with a moderate 
quantity of finely granular slightly acidophile protoplasm. Their de- 
velopment has been traced by H. E. Ziegler to masses of mesodermal 
cells surrounding the cords from which the capillaries are formed. It 
thus appears that the parent leucocytes lie originally oviside tlie vessels^ 
into which they make their way by virtue of ameboid powers. 

The identity of the primary leucocytes with the primary wandering 
cells has been generally accepted, but Schmidt, Bonnet, and others, 
claim that leucocytes are derived from the capillary endothelium. The 
weight of evidence, however, is much against this view, which inserts 
the highly specialized endothelial cell as a transition stage between the 
primary mesodermal cell and the leucocytes. An isolated position also 
is assumed by v. Davidoff, Maurer, and others, who believe the leuco- 
cytes to be direct derivatives of the epUhdiai ceUs, principally of the 
intestine. This view is based upon the appearance of lymphocytes 
in and between the epithelial cells lining many mucous surfaces, which 
has been repeatedly and fully explained as an infiltration by leucocytes, 
not a production of new lymphocytes from these, cells. (Saxer.) 

The white blood cells of vertebrates make their appearance in the 
circulation only after the development of an extensive vascular system 
and long after the red cell formation has been fully established. In 
the lower vertebrates their absence has been noted nine weeks (Ziegler*) 
after the appearance of red cells, but Hayem found them in frogs* 
blood 34 days after the appearance of red cells. The time of their ap- 
pearance in the blood of the human embryo has not been accurately 
fixed. Gulland finds leucocytes in lymph vessels in the human em- 
bryo of one and one-half inches in length. In form the earliest leuco- 
cytes of the embryonal circulation are the small and medium-sized 
basophilic lymphocytes. 

Process of Development of Leucocytos from Primary Wander- 
ing Oells. — Most observers find that the primary wandering cells pro- 
duce by mitotic division one or more generations of colorless cells 
which gradually approach in morphology the early basophilic leuco- 
cytes of the circulation. Most of the obscurity which still surrounds 
the early development of red and white blood cells is connected with 
this stage of the process, and the numberless conflicting opinions 
have resulted from the different interpretations placed upon the 
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iatermediate stages between primary- wanderiag cells and circulating 
blood cells. 

Denya, Lowit,* Zieglcr,* v. d. Stricht, and others claim that red cells 
and leucocytes develop from separate series of celts which have become 
differentiated from the primary mesodermal cells with the first appear- 
ance of blood and blood vessels. 

Kostianecki,* Muller, Schmidt, Saxer, and others, believe that the 
primary wandering cell perai»ts in the blood-forming organs as the 
parent of both red and white cells. 

It \i not impossible to partially reconcile these opjWBing views. 
While the exhaustive studies of Saxer seem to leave no room to dotibt 
the common origin of embrijonal red and white cells, it by no means 
follows that the blood cells of the atluk may be traced to a common 
origin. Several generations (3-4, Saxer), each multiplying by indirect 
division, arc required l)efore the primary wandering cell is transformed 
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into red cells or leucocytes. It is ([uite ])ossible that the fir»t nieni- 
l>ers of the series, including the primarj' mesr>dernial cclltJ, long persist 
in the embryo, but lUi^ippmr in thr mlult, in whom, therefore, no com- 
mon cell of origin of erythrocytes and leucocytes can Ik; demonstrated. 
A review of the principal minute studies in this field seems to 
the writer to warrant the alrove general conclusion in rt^nl to the 
relation of rwl and white blood cells. That all blood cells of the em- 
bryo can be traced to a common origin seems to l)c fully proven. 
Although the exhaustive studies oi I><^nys, v. d. Strieht, and Lowit, 
were largely upon embryonal tissues, the morphological criteria on 
which they scjiarate primary leueoblasts from erythroblasts do not ap- 



lf>0 DEVELOPMEST OF BLOOD CELLS. 

pear siiHick'iilly distinct to conviDce other observers, while tlio demon- 
stratioD by Saxer and others of earlier mitotic cells in the same cm- 
brvonal ti^iics eeems to show that the common cell of origin persists 
in the fetal liver, Mullcr^a studies of leukemic blood in which he 
seems to have traced leiicix^yles and red cclln to a common origin in 
the adult indicates tli&t this pathological condition involves u reversion 
to the embryonal type of blood formation, but docs not prove that a 
common mother cell of both red and white blood corpnseles persists in 
the normal adult marrow. (See Fig, 20.) 

CKi.i.iji.An DlVTuios IS TUB Devei/ipment of Lku«httes. — 
Since the full demonstration by Flemming of numerous mitotic figures 
in the cells of the lymph follicles, karyokinesis has been accepted as 
the chief method, and many claim it to be the only method, of multi- 
plication of leucocytes. 



This view has been actively combated by Lowit, who finds lliat while 
erytli rob lasts multiply by mitosis, leucoblasts follow n modified form of ihe 
process which he calls diviMo indireela ptr gmnuta. This author has very 
ably and succeBsfiilly defended the imporianee of direct division in mammals 
and lower vertebrates, and subseiiiient aiilhors have admitled that this 
method is of "very widespread" (Saxer) occurrence among leucocytes. 
Direct division appears to t)c of special importance in the development 
of the giant cells of the embrjanal liver and ndnlt marrow, which play 
an important but somewhat obscure part in blood formation. Indirect 
JragmfntalUm is n term applied to a somewhat peculiar modilicntion of the 
usual process of nuclear division descritwd by many authors, especially by 
Aruoia.i 



While the formation of leucocytes occurs principally in the blood- 
forming organs, many have found in the circulating bhxxl, and espe- 
cially iu the lymph, evidences of active multiplication by milosii^ and 
more frequently by amitosis. (Spronk and Prins, lx)wit,' Wertheim.) 

Sites of Ori^ of Embryonal Lencocjrtes. — Itefore the Icut^-yies 
be^jin to appear in the circulation mitotic ti|;ures are abundantly seen 
in the primiir.' wandering wlls in various situations. These are gath- 
ered in gronpH, first in the loose connective tissues of varioiis regions 
where lymph nodes subsequently develop, but the chief seat of the pro- 
duction of leucocytes, as of red cells, is found in the embrj-onnl liver. 
In both situatious, the wandering cells are found in the lymph and 
blood capillaries, in the interstices of the connective tissues, and be- 
tween the liver cells. In later embrv'onal life the formation of leuco- 
cytea is gradually transferred from the liver to the lymphoid and 
adenoid tissues, as indicated by tlie development of the lymph nodes, 
spleen, marrow, and thymus. While the majority of ob9er\*cr8 1)0- 
lieve that these tissues are at all times developed by the proliferation 
of extra-vascular wandering cells and leucoblasts, Stohr anil Oulland 
believe that these cells multiply principally teiihin Ihe rewtW* and sub- 
sequently wander out at certain localities where they collect to form 
lymph nodes, 

FomutioD of LeQCOCytes in Adult Life, — Under normal eondi- 
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tions the reproduction of leucocytes in the adult is limited to the lym- 
phoid structures^ including the lymph nodes, spleen, and marrow. 
Appearance of Different Varieties of Leucoc]rtes. — In the later 

months of fetal life, the blood begins to show the presence of other 
varieties of leucocytes besides the lymphocytes. The minute mor- 
phology of these early cells and the exact time of their appearance is not 
known, but it is certain that all varieties seen in the adult are present 
at birth, and there is much evidence to show that long before this 
period the development of several distinct types of leucocytes is well 
established and their formation at least partially limited to certain 
viscera. From the considerations of the previous part of this section 
it is evident that all forms of leucocytes must have a common origin 
in the primary wandering cell, but it does not by any means follow that 
the various forms of leucocytes in the adult are developmental forms of one 
seriesy although this view has been generally accepted as correct. 

The Basophile Leucocytes. — These cells are the direct descend- 
ants of the first embryonal leucocytes, and are undoubtedly produced, in 
the adult as in the embryo, by the mitotic division of cells lying in the 
proliferation zones of lymph follicles, and diffusely in all adenoid tis- 
sues. Virchow regarded the small basophile cells {lymphocytes) as 
originating in the lymph nodes and the large basophile cells {spleno- 
cytes) as derivatives of the spleen ; but this distinction has not been 
supported. It seems more probable, though by no means certain, that 
most or all of the larger basophilic leucocytes of normal blood are de- 
veloped from lymphocytes. Kanthack and Hardy endeavored to sub- 
divide this class into basophile and hyaline cells, the former being 
" tissue cells '' and rarely appearing in the blood, the latter identical 
with the ordinary small and large lymphocytes. Kanthack's coarsely 
granular basophile cell is the ^* mast-cell y^^ which has no connection 
with the lymphocytes, but his finely granular basophile cell has not 
been recognized as distinct from the hyaline cells whose protoplasm is 
not strictly hyaline but reticulated, and which undoubtedly originates 
in the lymphoid organs. 

The MAST-CELLS, which contain large, strongly basophilic granules, 
are classed by Kanthack &s celomic (tissue) cells. They are quite dif- 
ferent in appearance from the coarsely granular basophilic cells of 
chronically inflamed tissues and their exact origin has not been ex- 
plained. (Cf. " Mast-cells," Section on Leukemia.) 

The Neutrophile Leucocytes. — The time of appearance of these 
cells in the human embryo is not known. Saxer finds in the sheep's 
embryo of 4.f5 cm., in connective tissues and scantily in the lymph, 
polynuclear leucocytes identical in appearance with those of the adult 
animal. 

If the polynuclear leucocytes are developed from lymphocytes, the 
seat of their production in the infant at birth is of course coextensive 
with that of lymphocytes, but if polynuclear neutrophile cells are de- 
rived as a separate series from the neutrophile myelocytes^ their forma- 
tion is limited, at birth and thereafter, to the red marrow. Whichever 
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view m^y be correct, it is certain that the neiitrophile myelocytes artt ' 
largely concerned in the formation of these cells, and that the marrow 
IB the chief peat of their production. 

The opinion widely held that neutrophile leucocytes are developmental 
fbrms of the mononuclear bosophile cells still lacks any defiDlle support. 
That they are certainly productxl by mitotic division of neutrophilo myelo- 
cytes has, however, been placed beyond question, by the constant appear- 
ance of increased numbers of mitotic myelocytes in leukemia and Icucocytosis. 
The larger size, distinctly vesicular nucleus, basophilic protoplasm, and in- 
variable absence of neutrophile granules in the most typical examples of the 
so called "transitional leucocytes" cannot be reconciled with the view that 
these cells are ever transformed into neutrophile lencocytee. Borne have re- 
ferred to myelocytes deltcient in neutrophile granules as transitional forms, 
but in leukemia where such cells are common, a deficiency of neutrophile 
granules is very frequent in both myelocytes and polyoncleor leucocytes. 
Again, If baaophile leucocytes form neutrophilo cells it is difficult to sec why 
numerous transition forms are not found in lymphatic leukemia where 
bnsophile cells are excessively numerous, but neutrophile are abnormally 
Bcarce. Lowit here resorts to the suggestion that the ftirther development 
of these cells is inhibited by clianges in the plasma. Yet in myelogenous 
leukemia no such changes in the plasma prevent the traUBformation of 
myelooytes into polynuclear leucocytes which here ollen outnumber the 
myelficytee. 

Out of the constantly accumulatiug evidence which goes to establish the 
■peclflo qualities of different leucocytes may be mentioned the studies of 
^noni, who found no change in the proportion of neutrophile cells during 
very marked variations, experimentally induced, of the t)asophile. 

Tub Eosisophji.e LEticoc^TEs. — These cells verj- early become 
difrereDt!ate<I from the primary leiioocrtcB, having been found in the 
chick's IiIihkI on the Hf^h day of incubation (Engel *) and in the human 
thymus and lymph nodes before the appearance of bone marrow (Schaf- 
fer, Gullaud). Though it was early Ittiind (hat they are specially abund- 
ant in the marrow, their very wide distribution in the tissues shows that 
the conditions essential to their development arc not limited to any single 
organ or tisane. The discovery of mitotic division of losinophile leuco- 
cytes, first reporteii by Mullcr and subsequently verified by many others, 
would seem sufficient proof that these cells constitute a distinct self-per- 
petnating series. Nevertheless the majority of current writers either 
tacitly accept or actively argue that the eosinophile are dcrivetl from the 
neutrophile granules of polynuclear leucocytes. Demonstration of the 
truth of this view isat present entirely lacking. Only Gulland attempts 
to describe transitional stages between neutrophile and eosinophilc gran- 
ules in embryonal blood cells, but his claims have not only not lieen veri- 
fied but are distinctly contratiictiil by the results of the vast majority of 
observers, who have failed to find any such transitiim forms in the adult. 
On the othfr hmul thrre in u/iiuiiliitU phi/itiofix/ical, morphofofficiil, and 
mlrr'trhrmieiil erirfcncr to kHow that fosinoplulv leiicocytrit are not (Urired 
from nciilrophilr. 

I'kyMolof/icaily, the eosiiiophilc cells are celomic tissue cells, finding 
their natural habitat in ihc tissues and not in the bloo<], whereas the 
neutrophile leucocytes are chiefly hemic cells occurring almost excla* , 
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• 
sively in the blood. Moreover, since these cells certainly multiply by 

mitosis, it is unnecessary and contrary to analogy to suppose that any 
other method of development or formation exists. The Tnorphological 
evidence includes the fact that transitional granules have not been 
demonstrated ; that the nuclei of the two cells have rather distinctive 
characters, and that the granules are integral parts of the cytoreticulum 
(Heidenhain, Gulland), and not, as has been supposed, excretory prod- 
ucts in the cell. The microchemical evidence shows that the eosino- 
phile granules yield Lilienfeld's and Monti's reaction for phosphorus 
(Sherrington), contain iron (Barker), and give the vanillin and alde- 
hyde reactions of Weiss, none of which characters have been demon- 
strated in neutrophile granules. 

THE BLOOD PLATES. 

The blood plates were first described by Donne, in 1842, who found 
them in blood upon the addition of water and regarded them as parti- 
cles of globulin derived from the red cells. In 1847 Zimmermann 
found in defibrinated blood certain " elementary granules," at first 
about 1 ;i in diameter, but gradually increasing in size, and, as he be- 
lieved, eventually becoming red cells. 

The first complete descriptions were given by Schulze, Kolliker,* 
Ranvier, and Bizzozero,* and later by many authors. 

They are circular or ovoid, colorless, homogeneous, or granular 
bodies, about 1—3 fi in diameter, usually showing no nuclear portion, 
and staining lightly by both basic and acid dyes. The common im- 
pression that they disappear promptly after shedding is true only of 
the spindle cells of the blood of lower animals, while human blood- 
plates are scanty in fresh blood and increase in number upon standing. 
They are extremely cohesive and apparently of high gravity, and 
since they collect in masses from which the fibrinous threads of co- 
agulating blood commonly radiate, they are supposed to take an im- 
portant part in the formation of fibrin. 

On account of their uncertain morphology and origin, attempts to 
enumerate these bodies have not been very successful. In normal 
blood they may be said to vary between 1 80,000 (Fusari) and 500,- 
000 (Pruss). Estimates of their numbers based upon the general 
appearance of the blood indicate that they are specially abundant in 
afebrile anemias, leukemia, hemorrhages, and that they are deficient 
in febrile diseases, malaria, and aft;er the administration of various 
poisons. (Afanissiew, Limbeck, Fusari, Pizzini.) 

The significance of the so-called " third corpuscles " of human 
blood, the blood plates, appears to have been greatly obscured by the 
discovery in the blood of frogs by Recklinghausen, and of birds by 
Hayem, and Bizzozero and Torre, of small spindle-shaped elements, 
which differ from red cells in the absence of hemoglobin and from 
leucocytes in their simple oval nucleus and non-ameboid protoplasm, 
and which have been regarded as the homologue of the human blood 
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plat«s. Ijowit' classes these spindle oelb with leui-ocytes. Miiller 
believes them to be peculiar elements without tx'hitiou tu cither n-d or 
white cells. Ranvicr regarded them as hioscued vascular endothelia. 
The conclusion of Recklinghausen, Gobulew, Schlarewaky, Bizsozero, 
Httyem, Viitpian, Eberth and Schimmelbusch, thut these cells are 
analogues of the blood plates is the chief ground for the Itelief in the 
existence of a third corpuscle in human blood. 

When the evidence derived from the examination of human bIoo<I is 
oonsidered, it becomes clear that the existence of a third (^hUnr Ijody 
U without proof. Biitzozero's convincing demonstration of the pres- 
enoe of extremely fragile bodies in the blood of the frog's mesentery 
has naturally never been re[>cflted in human blood, and the dissimi- 
larity between human blood plates and the spindle cells of the frog 
requires much more cogent evidence of the relation of these two bodies 
than has yet been furnished. Consequently later investigators have 
with apparent success endeavored to show (Aa/ the bfooti p/aUs are not 
edis biU ddritUH of ceils or of plagma. Howell, Gibson, and Illava, re- 
gard the blood plates as fragments of the nuclei of disintcgmttKl leu- 
oocytes. Lowit believes many of them to he precipitated globulin 
particles, and others to be fragments of degenerating leucocytes. On 
account of their chemical oomposition LiHenfcId holds thut they con- 
sist of nnclein, and that they are derived principally from the nuclei 
of disintegrated leucocytes. Czermak finds them abundantly in the 
proliferation r.ones of lymphoid organs, and with Mondino and ^la 
believes them to be fragments of the nuclei of colorless cells. 

The studies of Klehs, f)ngel, Bremer, Wlassow, Arnold,* Mnximow, 
and others, linve placed Ijcyoiid doubt the opinion that (he chief source 
of blood plates is by the extrusion from red cells of masses or chains 
of globular mat^-rinl, which give many of the reactions of the nucleo- 
proteids. While tins process may be observetl in almost every dry 
specimen stained by mclhylene-blue (Plate II., Fig, 2), it apjwtars to 
be favored by pntximity to leucocytes, may be occeleratwl by many 
reagents, and is probably especially frequent in young red cells. 
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PART 11. 
SPECIAL PATHOLOGY OF THE BLOOD. 

CHAPTER VI. 
CHLOROSIS. 

Chlorosis is a primary anemia occurring almost exclusively in 
young women, rarely in young men, resulting from defective hemato- 
genesis and affecting principally the hemoglobin but secondarily, also 
the number of red cells. 

Etiology. — The studies of the etiology of chlorosis having estab- 
lished a great variety of predisposing and exciting causes, and rendered 
it evident that the disease results under very many diverse conditions, 
have lefl the essential factor in the evolution of the disease undeter- 
mined. On this account some are inclined to regard chlorosis as a 
symptomatic anemia^ holding the peculiar clinical characters of the 
disease to result from the age and constitution of the individuals in 
ivhom it occure. (Kruger.) 

Regarding the general causes a number of theories, supported by 
many important facts, have been brought to light. 

Hypoplasia of the arterial system is an anatomical ground- 
work shown by Rokitansky and Virchow to exist in a certain group 
of cases. This hypoplasia may affect only the heart and larger arteries 
or the genital organs as well, or is frequently associated with the 
other developmental anomalies of the constitutio lymphatica. More re7 
cent studies (Paltauf, Ortner, Fraentzel) indicate that the congenitally 
small heart and aorta are more closely associated with the '^ constitutio 
lymphatka '' and with cardiac disease, than with chlorosis. This hypo- 
plasia has been found in subjects never suffering from chlorosis, and 
the majority of chlorotics give no other evidence of such vascular 
anomalies and make complete and permanent recovery. 

Intestinal autointoxication was first suggested as the essential 
cause of chlorosis by Hoffman, and this theory has been supported on 
various clinical and pathological grounds by Duclos, Clark, Nothnagel, 
Bouchard, and many others. Bunge's authority has lent some force to 
the autotoxic theory as this investigator holds that the blood obtains 
iron solely from the nucleo-albumens, the iron from which is combined 
with sulphur during intestinal putrefaction and thus becomes nonab- 
sorbable. In chlorosis the iron administered by mouth combines with 
.the H^S and permits the normal absorption of the nucleo-albumens. 
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This theory lias been completely set aside by the demonstration by ' 
V, Noorden,' llethers, Morner, and Lipman and Wulf, tbat in chlorosis 
increased intestinal pntrefaction i» not commonly present, nor is there 
increased excretion of the derivatives of Hb. Stockman showed, 
moreover, that sulphate of iron will cure the disease, while bismuth and 
some other absorbeuttt of H^S will not. Intestinal intoxication can, 
therefore, figure in only a limilc<l group of cases. 

V. Hosiilin, findin); marked increase of iron in the feces of 6'>me 
ohlorotic patients, concluded that the blood changes result from small 
multiple intestinal hemorrhages. Luton accepts this theory. 

FustrriONAL infiTrnuANfES of the nervoi's syotem have from 
the first been actively maintained as prominent or exclusive etiological 
factors in chlorosis. The train of events here involved is variously 
explained. Murri supposes that there is a vasomotor disturbance 
arising from the generative organs, and causing changes first in the rate 
of flow, later in the chemistry of the blood. This theory represents 
the culmination of opinion as handed down by the older physicians. 
(TroiiHHCHU, cf. Lloyd Jones.) According to Meinert the nervous in- 
fluence arises from irritation of the abdominal Bym|>athetic and results 
from gtutroplotU. This observer has brought together very strong evi- 
dence to show that in one group of cases the above condition must be 
an important factor in the coincident anemia. Kruger believes that 
hypertrophy of the spleen commonly associated with chlorosis (Fuhrer, 
Scharluu, Chvoatek, Clement, Grawilz, Runimo, and Dorri) is an indi- 
cation of disturbance of function in this organ which results in an in- 
creased destniction of Ul>. This disturbance of function is lielieved to 
arise through irritation of the sympathetic, in the genital organs, 
stomach, intestines, etc. 

PBKnispiwiNO Causes. — The almost exclusive occurrence of the 
disease near the establishment of menstruation must prove any theory 
of etiology inadequate which fails to consider (Jte at/e nf puberty, the 
JaiuiU mr, and the function of maiMruathn. There is abundant evi- 
dence to show that heredili/ also is an important factor, as the disease 
is often observed in the daughters of chlorotic mothers, while a tuber- 
culous family history has been remarkably frequent in some series of 
cases. (Trousseau, Jolly, Bramwcll.) 

Grcjit importance undoubtedly utiaches t^i general btck o/ hygitne, 
especially to the combination of poor Jood and menitd ilrpirwion. 
Stockman's analyses indicate that the diet of chlorotic girls contains as 
a rule too little iron. 

Considering the evidence thus briefly reviewed, the writer concludes 
that chloRisis is u specific form of essential anemia which results from 
the association of several facton, of which the two most important and 
invariably present are (1) a predisposition to the disease, and (2) de- 
fective absorption of iron from the food. 

The predisposing factors are most pronounced in young girls at 
the establishment of menstruation when tlie unactnistonied losses of 
blood and tlie peculiar changes in the nervous system, favor the ex- 
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pression of hereditary tendencies and . exf^gerate the effects of bad 
hygiene, and when additional elements are thrown in the balance^ such 
as improper food, constipation, gastroptosis, mental depression, etc., 
the blood begins to suffer in a peculiar way and clinical symptoms are 
established which are not seen in secondary anemias occurring in the 
same subjects. The essential importance of the absorption of iron is 
indicated by its specific action, but it seems unnecessary to conclude, as 
Stockman has done, that the food must be deficient in iron, provided 
digestion and absorption are defective. It seems to be an invariable 
rule that ehlorotics do not recx)ver until the appetite improves. 

The exact nature of the pathogenic process in the disease remains, 
however, untouched by these considerations, and it still remains un- 
determined just how and where the elaboration of Hb is disturbed, 
whether in the intestinal mucosa (Garrod, Forcheimer), or in the spleen 
(Kruger), or in the bone marrow. At present the weight of evidence 
appears to be almost conclusive that chlorosis results from a functional 
insufficiency of the bone marrow, brought about in congenitally pre- 
disposed subjects by a series of conditions most often combined in 
young women at puberty. 

Ohajiges in the Blood. Specific Gravity. — ^The specific gravity of 
the blood in chlorosis is reduced in very uniform ratio with the loss in 
Hb. From the observations of Devoto, Hammarschlag, Schmaltz, 
Siegel, Hock and Schlesinger, Menicanti, Stinzing, and Biemacki, it 
has been shown that this constant relation between specific gravity and 
Hb-content is somewhat peculiar to chlorosis. It is most uniform 
when there is no great reduction in cells, but in the severer types of 
the disease the ratio is less constant. 

Jones found the specific gravity of the blood between 1.032-1.045 
in 87 cases, while that of the serum remained nearly normal, 1.0259 
-1.029. These results were verified by Hammarschlag in 30 cases, 
in which the blood averaged 1.045, the serum 1.030. The reduction 
in gravity of chlorosis corresponds, according to Jones, to a physio- 
logical diminution occurring in girls at puberty, but not in boys. 

The bulk of blood is probably not altered in uncomplicated chlorosis, 
although Lloyd Jones considers an increase in the volume of plasma 
to be a very constant feature, and Stintzing and Gumprecht believe 
that oligemia exists in some peculiar cases. The exuded drop is pale 
in proportion to the anemia, and abnormally fluid. 

The Hemoglobin. — The chief alteration in the blood is the loss of 
Hb which is so far out of proportion to the reduction in red cells that 
a low Hb'index is one of the diagnostic features of the disease. 

A contrary opinion is held by Eichhorst and especially by Biemacki 
who, finding, as did also Zumpf, a normal or increased percentage of 
iron in the dried residue of the blood in some cases, believe that a loss 
of other albumens and not especially of Hb is the essential change in the 
disease. The basis of this dissenting opinion will be further consid- 
ered later. 

The percentage of Hb obtained by modem instruments has been 



166 SPECIAL PATHOLOGY OF THE BLOOD. 

reported ae low oa 10 (Bramwell); but wlicn the Ub fulU beluw 20 
percent there Bhould always be a suspicion of some complicated or 
secondary ancmiu. 

In cases of average severity the Hb ranges between 3.5—4") percent, 
and the Hb-index about ,5. Yet sonic anthors record severe cases 
with high Hl>-index (.SO-.'JS, Bramwell), although from the details of 
these reports it is uot clear to what this variation from the rule is re- 
ferable. These cases, in the writer's ex|ierience, fall in an intermedi- 
ate group between chlorosis and ]M?riiicious anemia and are more refrac- 
tory than the others. Occasionally the Hb-index is very low (.20). 
(Bnimwell.) 

v. Noorden,' from extensive observations, finds that the Kb-index 
ia apt to l>e somewhat higher in recurrent than in initial attacks, but 
Romberg could not verify this statement in a group of relapsing cases. 
The writer has seen illustrations of v. Noonien's rule and, since in- 
crease in size of cells is an indication of chrouieity in anemia, believes 
that the observation is, in general, well founded, yet as Romberg 
states, tlie character of the blood changes is controlled by individual 
peculiarities in blood formation and by numerous unhygienic condi- 
tions. 

The red cells are in most cases slightly reduced, although almost 
invariably mncli less affected than the Hb. Vet not iufre<|uently a 
oonsidcniblc grade of anemia is associated with a normal proportion of 
re<] cells. A high count of red cells is a favorable prognostic sign. 

In cases of average severity the red cells run from 3.5 to four mil- 
lions, while in severe cases the number falls below three millions. Kx- 
ceptional examples in which less than two million cells were found are 
recorded bv Bramwell, Cabot, and many others, while Limbeck records 
one case with l,iyO,OlW,and Hayem a minimnm of 9.37,360. In such 
cases the Hb-!udex ia often comparatively high. 

In morphofot/t/ the red cells prciwnt characteristic changes. Id mild 
cases and those of average severity, the sole alteration is a loss of Hb, 
which causes a progressive widening of the central clear area to be ob- 
served in cells rather thickly spread and slowly dried. In all well- 
marked oases the appearance of such blood in stained smears is charac- 
teristic of simple anemia. It ia always possible, however, to find a few 
very small cells and some extremely deficient in Hb, but in the less 
severe cases tlieae features arc not pronounced. (Plate III.) 

When chlorosis is of long standing or of very severe grade, with 
hydremic plasma, and tihowing a tendency to rela{>se, the red cells 
begin to exhibit marked variations in size and to some extent also id 
shape. In most cases in which the response to iron is fairly prompt 
thes<.- changes do not a&ect any considerable proportion of cells. In 
others in which the res[>onse to iron is less certain there is a moderate 
number of large cells with abundant Hb. (Piute IV.) 

In no case do these changes reach the grade seen in perniriona 
anemia, but in a gnmp of cases which do not res}>ond well to iron and 
ore apt to relapse the variations in size of the cells is ct>usiderable, and 
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many show an abundance of Hb. On the other hand the writer has 
seen persistently relapsing chlorosis in which all the cells^ varying con- 
siderably in size, were very deficient in Hb. 

Poikiloci/tosis may be seen in all severe cases of chlorosis bat is 
seldom very marked. 

Other changes occurring with moderate frequency in the red cells 
of chlorosis are the polychromatic degeneration of Maragliano and that 
of Gabritschewsky. Granular degeneration is seen to a slight extent 
in well-marked cases. 

A qualitative change in the Hb in chlorosis is suggested by the re- 
sults of Henrique's experiments, by which he finds that oxyhemoglo- 
bin is much more slowly reduced in chlorosis than in health or in other 
forms of anemia. 

Nucleated red cells are seen in the severer cases of chlorosis 
under various conditions. It is said that when present they are sub- 
ject to periodical variations constituting the " blood crises." (Neu- 
dorfer.) Most writers have found them too scanty even in severe 
cases to permit a full verification that " blood crises " are of frequent 
occurrence, and this common experience is in accord with the theory 
that functional insufficiency of the marrow is essentially connected with 
the pathogenesis of the disease. Their appearance is somewhat favored 
by rest in bed and large doses of iron, which, as Hoffman has shown, 
induce hyperemia and cellular hyperplasia of the red marrow. The 
writer has seen an increased number during the leucocytosis of an inter- 
current pneumonia. 

The nucleated red cells of chlorosis are of the normoblastic type, and 
while Neudorfer and Hammarschlag report finding megaloblasts in 
severe relapsing cases, the exact nature of these cases is not entirely 
clear. Their observations require confirmation. 

Chemistry. — ^The alkalinity of chlorotic blood has been found 
by the majority of investigators to vary within normal limits (Kraus, 
Steindler, Limbeck) or in some cases to be slightly increased (Graeber, 
Peiper, Rumpf ). v. Jaksch, however, found it diminished. 

The ISOTONIC TENSION of the red cells was found by Limbeck in 
two cases to be very low, .38-.4 percent Nad, their resistance there- 
fore being correspondingly diminished. 

The COAGULABILITY of chlorotic blood is notably greater than that 
of other forms of anemia of equal grade, a rule which accords with the 
fact of the preservation of the albumens of the plasma. (Cf. Biemacki.) 

The PROPORTION OF WATER in chlorotic blood increases from the 
normal (77 percent) to 80-90 percent, and the dry residue falls from 
22-36 percent to 19 percent, with 60-70 percent Hb, or as low as 
10.64 percent of residue with 25 percent Hb. In this residue the 
chlorides, as in all hydremic states, are in most cases considerably in- 
creased. Phosphorus is moderately reduced, and Fe is deficient in the 
well-marked cases only. (Biernacki.) When the Hb is below 70 
percent the reduction in Fe is rather uniformly proportionate with the 
loss in Hb. 



Albcmenb. — Since the apecilic gravity of the seruu ia but Hlightlj 
altered in tlie average case of chlorosis, the loss of substance must af- 
fect principally the red cells. It is very generally agreed that, as 
ehowti by BetKjuerel and Rodier, the principle chiefly ufft-cted is the 
lib, but Biernacki found a normal proporlion of iron in the drj' resi- 
due of some milder cases of chlorosis unci has concluded that other 
alburoenons constituents may suffer more than the Hb. In Biernacki's 
analyses of more severe cases, however, a marked and uuifurm reduc- 
tion of Fe is recorded. 

In all the severer cases the serum is iK>or tn albumens, but markedly 
BO only in very severe cases. The hydremia of the serum in cJilorusis 
is relatively far less than in simple anemia, e. g., post-hemorrhagic. 
(Grawitz.) This rule is found by Stintzing and Gumprecht to hold 
only when the Hb is between 5&-80 percent, as illustrated in the fol- 
lowing table : 
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BegeneratioQ of the Blood in OUoroaiB. Red Cells and Hb. — 
ITayera divided the procetsa of regeneration of the blotxl in chlorosis 
into two periods, one in which the red cells are increased in number by 
the appearance of many small pale and deformed cells, followed by a 
tfcotul \a which tlicse new cells gradually acquire normal characters. 
Similar observations have been made by the majority of recent ob- 
servers who have regarded the small cells seen in relative excess in 
well-marked cases as being recently formed. On the other hand, 
Laache, Stint^vng and Gumprecht, iteinert, and Graeber, find that the 
increase in Hb usually outstrips that of the red cells. 

More recent studies in this field have thrown some light on the 
difficulty, Romberg showing that with a slight decrease of cells the Hb 
increases the more rapidly, while in cases with marked decrease in cells 
these increase first and more rapidly but less unitormly than the Hb. 
In some severe cases Romlwt^ noted u sligiit initial diminution in 
cells, following the use of iron. 

Scliaumann and Willobrand have recently fully demonstrated that in 
moderately severe cases, under iron, there is a progressive increase in 
the average diameter of the red cells, resulting from the disappearance 
of undersized corpuscles, while the nnmlwr of large cells becomes con- 
siderable. The authors feel justified in concluding that the progress 
of regeneration is not marked by the up|>earance of many small pale 
cells, which they believe are degenerated forms. In Romberg's 100 
cases, in all of which the cells were below 4 millions, the average 
duratiim of IreiUtaatt was 26.5 days, the Hb increasing !).9 percent 
and the red cells 430,G4''> every ten days. The best results followed 
the use of ferrt curb, sac., but they did nut use RIand's pills. 
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Distinct polycythemia has in many instances been found to follow re- 
covery from chlorosis. Schaumann and Willebrand report 7.4 million 
cells with 67 percent Hb, but found that the polycythemia usually 
diminishes as the Hb reaches a normal proportion. In some severe 
cases, on the other hand, it seems to be difficult to secure complete re- 
generation of the blood and the anemia relapses. 

An increase (12 pounds) in the patient's weight without correspond- 
ing increase in the Hb of the blood cells, but with increase in the 
solids of the serum, has been reported by Grawitz, as an interesting 
feature of the regeneration of the blood in chlorosis. A moderate in- 
crease in the number of nucleated red cells and of leucocytes is some- 
times observed in cases rapidly recovering. 

Leucocytes. — The leucocytes in the average case of chlorosis show 
no abnormal variation in numbers or proportions. (Graeber, Grawitz.) 
The average in 239 cases reported by Thayer, Cabot, and Romberg, 
was 8,013. Romberg's tables show a progressive diminution of leu- 
cocytes as the anemia grows more severe, and he refers this rule not to 
any absolute decrease in the number of cells but to increase in the 
volume of plasma. 

Neusser holds that some less favorable types of chlorosis, without 
regard to their severity, show an excess of lymphocytes while in others 
the presence of eosins indicates a more favorable type of the disease. 
In the latter group of cases Neusser*s pupils found, during treatment 
with iron, a slight mixed leucocytosis in which the proportions of 
various cells are normal. 

The occurrence of myelocytes, as reported by Hammarschlag and 
Neudorfer is verv unusual. 

• 

Varieties of Chlorosis. — (a) The typical examples of the disease 
observed in young women form a central group of cases which has 
furnished the classical and accepted picture of chlorosis. The blood 
in these cases shows a low Hb-index, with or without marked loss of 
cells. They run an acute or chronic course but respond well to iron. 
On chemical analysis the dry residue and the Fe are much diminished 
and the symptoms are in proportion to the grade of anemia. 

Of these c&ses one may distinguish three groups of somewhat dif- 
ferent prognosis. 

1 . The red cells are slightly or not at all reduced (about 4 millions) ; 
the Hb-index is low ; there are no changes ip the size and shape of the 
cells. Such patients commonly recover very promptly and the anemia 
does not relapse. 

2. The red cells are below 4 millions, but there are no marked 
changes in the shape and size of the cells ; the Hb-index is very low, 
the patients are prostrated but with iron usually recover promptly, and 
the anemia does not often relapse. 

3. The red cells are markedly reduced (below 3-3.5 millions) ; there 
are considerable changes in shape and size, the Hb-index varies, but is 
usually very low, the patients respond more slowly to iron, and the 
anemia often relapses. 
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(h) A group of eases of idiopathic anemia commun in young womeo 
haa long been recognized, in which the symptoms resemble those of re- 
fi^L'tory chlorosis, but which in some other respects are quite ditl'erent. 
DelaSeld states that they are chiefly distinguished by their failure to 
react to iron. A chronic course with relapses is oummunly observed, 
but a change to distinct pernicious anemia rarely occurs. The blood 
of such subjects dhows a marked reduction in ri?d cells, commonly 
between two and three millions, nud marked variation in size of the 
cells, a considerable number of winch have increase*! Hb. The Hb- 
index may be very low, but is apt to be higher than in the average 
case of chlorosis. 

It is possible that some of these cases are much more anemic tlias 
the ordinary blood-examination indicates, because complicated by oligo- 
plasmia, as suggested by i^loyd Jones and Blernacki. 

(c) Fundo-chlorosiB is a term employed by various recent writers to 
denote a gnjup of cases in which the external symptoms of chlorosis an 
present but in which, from the examination of the blood, it is found 
tliat the Hb, number of red cells, percentage of dry residue, and nsa- 
ally the proportion of iron, are nearly normal. Several explanations 
have been offered regarding these obscure cases. 

Lloyd Jones believes that they are cases of anemia with oligopltu- 
mia, in which tiie real deficiency of Hb and cells is masked by dimi- 
nution in the qnantily of plasma. He offers no chemical analyses to 
support his view. Hiernacki has studied this condition in detail and 
as a result of clinical observations and chemical analyses, he concludes 
that in cases of anemia there is a condition of oligoplasmia with 
hydremia of both cells and plasma, so that while the blood shows 
normal Hb, yet the swollen cells arc deficient in this principle, and 
both cells and plasma are deficient in albumens. In »hart, Biemacki 
elaima to lutve tlrmonniraiM that it U ptMnihU to karr ht/ilrnnw hlood 
vhich yet tfhcM a normaJ percentage of lib and n itoniial number of ml 
oella, Biemacki points out tliat two of the eight original cases ex- 
amined by Beoqiierel and Itodier, and two cases reported by Stintzing 
and Gumprechl showwl slight hydremia, a nearly normal percentage 
of Fe, but well-marked symptoms of chlorosis. He protests against 
calling such cases pseudo-chlorosiH, l)elieving that they are genuine 
examples of the disease, and claims that the essential element in chlo- 
rosis is not the loss of Hb and Fc, but that the disease is a neurons 
with ht/drania, nntl wUh or without low of Fe, 

If Biernacki's results obtain confirmation, which they have not yet 
s«curc<l, much ne«dod light may l>e thrown upon a large group of 
cases in which the symptoms of anemia are associated with ap|Kinjntly 
normal blood. Such cases occur iisimlly in young women, an- often 
encountered in gynecological clinics l>eRause of amenorrhea, and have 
been fully descrilted esjHinully by Bleniacki, and llomlwrg. It is 
poanible, also, that a similar explanation may apply to the cases of 
pseiido-clilorosis descrilK^d by Stintzing and Guin])r(x;ht and others, 
and very commonly encountered in tulwrculous subjects. 
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CHAPTER VII. 



PROGRESSIVE PERNICIOUS ANEMIA. 

This term is applied to a peculiar group of cli»caf«s of the blood re- 
sulting from defective licmatogeneHis and esccssive heniatolyaiB, charao- 
terized by severe and usually tatal anemia, peculiar morpholo^cal 
changes in the red cells, and by characteristic clianges in the bono 
marrow. Although excited by a number of well-recognized conditions, 
prt^reasive pernicious anemia differs from secondan' anemia in the 
peculiar changes in the red cells, in the lesions of the marrow, in ita 
tendency when once established to progress to a fatal issue, and in the 
fact that the anemia is apparently out of proportion to the exciting 
cause, while very often no cause whatever can be assigned. 

The disease has of^en been described as prhiiari/ pernicious anemia, 
but since typical examples have been positively traced to the effects of 
intestinal parasites, it ttecomea necessary to admit that this condition of 
the blood is not always of cryptogenic origin. Nevertheless its patho- 
logical features remain so distinctive as to justify the common lielief in 
the peculiar nature of the disease. 

ITiKl'iricnl . — A review of the early literature on pernicious anemia, 
as collected by Kichhorst, Musser, and Stockman, show8 that while the 
disease had previously been describe<l by observers in many countries 
its symptomatology, gross pathology, and separation from chlorosis and 
secondary anemia, were not clearly stated until Addison in ISo.^i pub- 
lished the description of cases oWrved by him clinically and examined 
at autopsy during the previous decade. 

Of the earlier reiw)rted aises those of Andral (1821) in France, of 
Coombe (182:t) and Hall (l«4:i) in England, and of tlianning (1849) 
in America, were so clearly described as to leave no doubt that fatal 
idiopathic anemia was fully recognized by some ol)se^^'e^s at that early 
time. Channing, and other Boston physicians, had notci^ on snch cases 
as early as 18S'2,and bis descriptions of ai«es in 1849 were sufficiently 
complete to warrant their acceptance as referring to genuine examples 
of the disease. 

Jjebert in Zurich had apparently recognized and partially described 
the disease as early as 1 8,54, Itut his pathological reports were loo scanty 
to demonstrate the probable specific nature of the malady winch he 
did not claim till 18.58, although recognizing it as a fatal form of 
anemia. I^ong before this, as shown by Ijcpine, »)me prominent text- 
books had calle«l attention to the occurrence of fatal cases of anemia, 
considering them asually as instances of fatal chlorosis. (Piurry, 
Wundorlicb, Schonleio, Rokitansky, Canstatt.) 
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Addison, however, offered more abundant clinical and pathological 
evidence to show that the disease is of idiopathic origin, fully distin- 
guishable from secondary anemia, but he supposed that the fatty 
changes were the cause not the result of the anemia. In 1857 Wilks' 
description of seven cases was very<;lear and indicates that the condition 
had then become well identified at Guy's Hospital and was distin- 
guished from secondary anemia and, by the examination of the blood, 
from leukemia. 

In Germany there were fragmentary reports of probable cases by 
Zenker, 1856; Wagner, 1859; and Grohe, 1861 ; until Biermer in 
1868 collected a series of cases observed in Zurich during previous 
years and gave such a systematic description of the clinical symptoms 
as to attract general attention to the malady as a special form of anemia. 
Biermer failed to add to the knowledge of the pathology of the disease 
and paid little attention to the blood and when Immerman contributed 
important critical studies in 1874-1877, interest in the microscopical 
examination of the blood concerned chiefly the proportion of leucocytes. 

The early observers, especially Wilks, had noted the marked olige- 
mia, hydremia, and feeble coagulation of the blood at autopsy, and by 
microscopical examination during life had demonstrated an excessive 
loss of red cells and a small proportion of leucocytes, bufr for many 
years no further advance was attempted in this field. In 1873 Pon- 
fick found a relative increase of leucocytes in one case, probably from 
ante-mortem leucocytosis, and noted a greenish tinge of the serum. 

In 1876 Quincke described the appearance of microcytes and poiki- 
locytes in several cases, while Eichhorst, at the same time, noted the 
absence of rouleaux and the increase of Hb in some microcytes, cells 
which he regarded as pathognomonic of the disease. 

By this time Bizzozero's and Neumann's demonstration of the 
function of the bone marrow in blood formation began to turn atten- 
tion to this tissue. Pepper (with Tyson) making the first contributions 
in a new field in 1875. Pepper found uncertain evidences of a cellu- 
lar hyperplasia in some portions of the marrow, thatT of the radius 
appearing paler than normal while that of the sternum was quite red. 

A great advance was made when Cohnheim in 1876 presented a 
brief communication on the changes in the bone marrow in a case of 
pernicious anemia. He reported finding an unusual hyperplasia of 
the red marrow with complete atrophy of fat cells, increase of myelo- 
cytes, large and small, absence of normal red cells and the presence 
of megalocytes, microcytes, and large numbers of megaloblasts. In 
the blood of the voia cava he found a few large nucleated red cells 
but had faileil to find them in the peripheral blood during life. Cohn- 
heim expressed the opinion that the essential element in the malady 
was a primary disease of the marrow affecting the development of the 
red corpuscles, leading to production of megalocytes at the expense of 
smaller properly functionating cells, the whole constituting a reversion 
to the rtiihri/onaJ type of blood fomiaUon. Cohnheim thus completed the 
chain of pathological evidence that was required to establish the dis- 
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tinctivt! nature of the disease, and demons I ruto<] the importuncc 
closer Btndy of the blooil as the seat of the primary lesion. The fur* i 
ther study of the marrow was taken up by Osier and Gardner, Nen- I 
mann, Litten and Ortb, P. Grawitz,' and many otiiers, whose results J 
have whown that the study of the changes in the marrow gives I 
deepest insight into the essential process of the disease. 

The first enumeration of red cells was reported by Sorensen, who, J 
using Malaasez's method, found in one case only 470,000 cells; bj I 
Lepine* who, with Hayem'a method, reported a reduction to il09,000- I 
378,750, and by Ferrand who found -500,01)0 red cells and 10 peP* ■ 
cent of Hb. Of morphological changes an increase in size of the red 
cells during the course of the disease was noted by Lepinc ; a slight 
brownish tinge by Strieker; the presence of ametmid processes by 
Soheby-Buch ; the oval forra and absence of rouleaux by Bradburj-. 
In 1876 Quincke described the appeiirant* nf microcytcs and poikilo- 
cytes in several cases. Kichhorst (1878) found the most striking char- 
acteristics to be the large size, pallor, and siarcity of the r»i cells. 
Yet all these churacteristicM Eichhorst had seen in a case of gastric 
cancer, whence he maintained that the blood of pernicious anenjui I 
showed no single pathognomonic sign. While Quincke had observed'' 
that many- microcytes seemed to contain an excess of Hb and that the 
blood of pernicious anemia was more highly colored than tlie number 
of red cells warranted, it was Hayem' who first demonstrated that an 
increased Hb-index is characteristic of the disease, while I .aae he showed 
thLa feature to l>e referable to the presence of many megalocytes with 
increased lib. 

By 1880 there were only two reported cases in which nucleated red 
cells bad been found during life, when Ehrlich, examining stAined dry 
preparations claimed that while nucleattxl red cells were found in all 
oasee of severe anemia, megaloblasts were seen exclusively in progr<.^s- 
sive pernicious anemia. Ouly in recent years has this claim been 
shown to l>e but partially valid. In 18'J1 Luzet Hrst reported the 
diHoovery of mitotic nuclei iu megaloblasts from the blood of a child, the 
occurrence of which has since been shown to be a nearly pathogno- 
monic sign of the disease in adults. With the observations on i>oIy- 
ohromatic degenerative chnnges in red cells these lesions were found to 
he specially distinct in pernicious anemia. In one of v. Noonlen's 
dissertations was first mentioned the occurrence of basic staining gran- 
ules in the bodies of megalocytes, which was later verified by Askauazy 
and interpreted as evidence of karyorhcxis. 

The contributions on etiol<^y which have steadily nccumnluted from 
many sources, and the progress of the knowledge of the chemistry of 
tlie blood, chiefly through the work of v. Jakseh, Grawitz, Dielwlla, 
d a/., will be considered under those topics. 

General Kiiologj. — After the demonstration of striking and pecu- 
liar changes iu the blood and marrow it was generally acoepted that 
progressive pernicious anemia is of idiopathic origin, although Biermer 
eDumemted a list of exciting cansea which appeared to have been present^ 
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in his cases, viz, insufflHent food, bad hygiene, prolonged diarrliea, re- 
peated hemorrhages. Yet it appeared that the assignable causes ivere 
inadequate to account for the result and it was felt that the diBcase 
oould in no respect he classed with the ordinary cases of secondary 
anemia such as follow carcinoma, nephritis, hemorrhages, etc. 

The first retrenchment of this view was rendered necessary by the 
discovery of typical cases of the disease referable to the presence of in- 
testinal parasite (Bofhriocephalus) and which recovered promptly after 
expulsion of the worms. These cases showed that there is not neces- 
sarily any cryptogenic factor in the etiology of the disease, and that 
the presence of the typical blood changes does not necessarily imply a 
fatal course of the anemia. Likewise the changes in the marrow were, 
for a time, robbed of much of their pathognomonic value by the report 
that very similar changes are established in some cases of multiple 
hemorrhoges (Neumann), tuberculosis (Litten), and gastric cancer 
(Eisenlohr), Further, the changes in the blood have now been shown 
to follow syphilis (F. MuIIer'), 'malaria (Bignami,* the writer); atrophy 
of gastro-intestinal mucosa (Fenwick, Brabazon, Henry, Osier, Noth- 
nagcl, Stengel) ; typhoid fever (Quincke, Rosensteiu, P. Grawitz) ; pro- 
longed diarrhea (Wilks, Frankel, Strieker) ; myeloid sarcoma (Litten) ; 
in each of which conditions it is occasionally impossible to say that the 
cause is inadequate to the result, and there remain only the acute cases 
without demonstrable origin but referred by some to intestinal auto- 
intoxication, and the cases that follow pregnancy, which can still be 
held us of cryptogenic nature. 

Scope of the Term Progrreasive Pemiciotis Anemia. — In view of 
this present state of the subject two plans of class ideation of the severe 
anemias of the Addison-Biermcr type have been suggested by Biroh- 
Hirschfeld and Grawitz. 

Birch' Hirschfeld claims that there is no good reason to separate on 
etiolo^cal grounds alone cases of severe anemia of cryptogenic orlgio from 
those like the anemia of boihriucephalus, in which an adequate cau.se is ap- 
parent. For both show the same anatomical evidence lo prove that the 
pathological process in each is identical, He would, therefore, class together 
all severe anemic conditioRB, without regard to origin, in which there is de- 
generation and loss of red cells, iucreaaed destruction of tissue 'albumen a, 
and fotty changes in the viscera, and in which the chief factors are excessive 
destruction and defective formation of red cells. 

Against this proposition Grawitz urges that it is clinically inapplicable, 
because fatty changes in viscera can be recognized only after death, that It 
classes together anemias arising from such diverse causes as cancer, malaria, 
sepsis, anchylostomiasis, etc., and that increased destruction of albumens 
is not a constant feature of the diaeane, although present in some forms uf 
milder secondary anemia. Grawitz therefore proposes to throw out of th« 
category of progressive pernicious anemia those coses in which the etiology 
is known, e. g., bolhrioe^balui, and to retain in this class only those cases 
in which the most thorough examination of the patient fails to show any 
primary disease. 

This suggestion accords with the view of those who fail to see in the his- 
tolo^cal changes in blood and marrow, evidence of a peculiar condition in- 
terpreted by Cohnheim, Ehrlich, and ma^y others, as a reversion to the 
embryonal type of blood formation. 
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Tlie writer, having failed to find from any source a eoiitrovirsion of'J 
the view that the changes iu the hlood and marrow described in [ter- I 
nicious anemia result from a peculiar pathological process which is e»- I 
sentially different from that seen in the majority of secondary ancmiai 
must accept the opinion that when the blood iTontains megalobiasts and 
a considerable proportion of megalocytes with increased Hb, while the 
lym|>hoid marrow »howg murkc<l hyperplasia of {>eonliar ty]>e, the con- 
dition should i)e called progressive pernicious anemia, without regard 
to its immediate exciting cause. The essential process in the disease 
ia a reversion of tlie marrow to a type of blood formation which in 
eome respects resembles the emhrj'oiial, and it would seem to make 
very little difference how various the exciting agents may be, whether 
syphilis, malaria, anchylostomiasis, or intestinal auto-intoxication, pro- 
vided they all initiate the same process and stamp the anemia with 
certain self-perpetuating tendencies not seen in other conditions. . 

Special Etiolo^. — Prc^ressivc pernicious anemia is, as shown by ] 
its history, a disease of very general distribution and comparatively 
frequent occurrence. In the Berlin City Hospital, Jjazanis found 274 
oases recorded in 10 years, or 2 ^tercent of the admissions. It is con- 
siderably less common in New York hospitals, but consultants in the 
city see from 6-1 2 cases yearly. 

The female «ar is considerably more subjec^t to the disease than are 
males, owing probably to the predisposing influence of pregnancy. 
(Muller, Ehrlich.) 

The 240 re|x>rted canes collected by Khrlich wore distribnte<l Iw- 
tween the ages us follows : 

I-IO 1C«M 

lO-ao _ _ 22 cue* 

20-30. „ _ 61 " 

30-40 67 " 

40-60 « " 

60-40. 83 " 

60-70 7 '■ 

70-80 2 " 

. Monti and Bcrgrun collected 16 cases in children, of which 5 
occurred Iwtween the first and fifth years, and 9 between the fifth and 
fourtt-cnth years. Khrlich hesitated to accept these as gt-nuine cases 
on aiM^unt of the uncertain significance of changes in the blood in early 
life. 

BotlirloceplulaB Anemia. — The first important inroad made upon the 
group of idiopathic pernicious anemia was accomplished when Hoffman 
in 1885, followed by Botkin, lieyher, and Kunei>erg, showed that th« 
presence in tlie intestine of many of these worms of^en leads to a severe j 
or fatal anemia which may be made to disap|>ear by the expulsion of ' 
the worms. While Ilcyher and Runeberg in 1S86, and F, Muller in 
188!l, claimis] that the morphology of the blood in these severe cases is 
identical with that of primary pernicious anemia, from the presence of 
megalocytes witli increased Hb, megaloblasta, etc., the complete iden- 
tity of the condition existing in fatal caacs Mdth that of progressive per 
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tuciouB aDemiu w&e fully established by Schauniaiin'H extensive studies 
in the same locality. It is of great interest that in some of Schaiimann's 
cases, although the reduction of cells and Hb was not marked, yet 
Ehrlich's signs of progi-essive pernicious anemia, megalocytes with in- 
creased Hb and megaloblasts, were abnnduntly present. In Askanazy'e 
cases ' normoblasts were found in small numbers nmong many megalo- 
blasts, the former rapidly replacing the latter as the anemia improved. 

While the fact that the worms cause the anemia seems to be proved 
by the rapid recovery observed in some cases following their expulsion 
(Wiltschur, Askanazy), no satisfactory explanation of the pathogenic 
action of the parasites has been obtained. It appears that lai^c num- 
bers of worms are required to produce the severe anemias, as many as 
100 having been expelled from a patient of Boetticher's, although in 
other instances the usual small number was found. The duration of 
the infection appears to exert little influence, as is evident from the 
cases reviewed by Askanazy, (The writer secured 4 full-grown speci- 
mens from a healthy Swede who bad been in America for 17 years.) 
Schapiro and Dehio, finding some dead parasites in their cases, con- 
cluded that only the decompoeint/ leorm produces the specific losine which 
' causes the anemia, but the majority of parasites found in severe cases 
are living. Wiltschur followed this clue further, finding (hat the 
majority of parasites were dead, and decomposing, or, as he conclude<l 
from alterations in the e^s, "sick," Some cases (Schaumann, Neu- 
buchcr) iu which anemia was present while no parasites but only eggs 
were found in the intestines at autopsy, Ehrlich believes can be ex- 
jflained as resulting from the complete absorption of recent decayed 
parasites. This reasoning it is difficult to follow, nor can great im- 
portance be attached to the results of Schauraann and Tallquist who in 
the course of two weeks considerably reduced the red cells of a dog by 
injections of a glycerine extract of the crushed bodies of the worms. 

At present therefore it seems impossible to reach any satisfactory 
explanation why this parasite should beliave at times as a harmless 
denizen of the intestinal tract, but at others should, apparently, destroy 
its host through a fatal anemia. 

The occurrence of fatal anemia referable to the presence of other in- 
testinal parasites, especially Andiylodoma duodmale, was demonstrated 
by Griesinger in 1851 and has been fully corroborated by Perroncito, 
Leichenstern, Sandwith, etc. While it appears very probable that the 
same blood changes are establiahed in these cases as by infection with 
bothriocepbxUm, there appear to be no detailed studies of the blood and 
marrow which can fully support such a view. Indeed, Zappert in a 
few cases of considerable severity found the ordinary characteristics of 
secondary anemia, and a low Hb-index, but did not apparently con- 
sider the morphological changes in the red cells. Iu Sandwith's re- 
markable exi)eriene«, although tlie red cells were sometimes reduced 
below a million, the Hb-index was usually low, the clinical symptoou 
and pathological lesions were not distinclive of progressive anemia^, 
while there b no report of morphological examination of the blood. — 
12 
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Tlie 



pixirt of Dpmmo of two cases of fatal i 



3 cases ot latal aaemia in cliildn 
whose iiiteslines large numbers of Aacaridcti were found, is of interest 
but too isolated to \w of great importance. 

Repeated Hamorrhageg. — TImt genuine progressive pernicious anemia 
may follow repeated hemorrhage? has been elalmi-d by many observers 
who have not insiflte<l upon Khrlich'a signs id their diagnoses. (Ha- 
bershon, Quincke, Sehe{>erlcn, Finney, Greenhow, Stockman.) In 
reocDt years reports of genuine cases of this origin have not been so 
numerous, yet Ehrlich and Lazarus accept as a fact their frequent oc- 
currence from this cause. The writer has not seen any eases directly 
referable to hemorrhage. 

It is probable that the genuine cases observed after pregnancy arc 
partly the result of the losses of blood during and after parturition. 
Stockman goes so far as to urge that all cases now called idiopitliic are 
the result of repeated minute intestinal hemorrhages, in which opinion 
he stands unsupported. 

While granting as does Elirlich that the disease occasionally follows 
repeated hemorrhages, it still remains tnie that the great majority of 
chronic post-hemorrhagic anemias follow the type of secondary anemia 
with very low Hb-index, and with leucocytosis. 

Pregnancy was one of the conditions first rect^nized as a prominent 
exciting cause of pernicious anemia, the moat numerous cases (29) 
(^Ti percent) of those collected by Eichhorst (1878) coming under 
this heading. 

The genuineness of some of these cases may now be doubted, and 
at any rate the patients suffered from a variety of severe symptoms 
not at present regarded as belonging to the disease, so that Luzarus 
classes many of them as examples of secondary anemia and eichnnstion. 
In others, however, the pregnancy was uneventful except for the spon- 
taneous development of severe anemia ending fatally before or after 
parturition, so that Ijcbert ascribed to pregnancy a special nervouit in- 
fiumce leading to fatal anemia, and Birch-Hirschfcld assumed that 
placental toxine:^ affect first the plasma and later the red cells. These 
theoretical considerations liavc been rendered unnecessary by the grad- 
ual disappearance from literature of cases of progressive anemia fol- 
lowing pregnancy. Elirlieh could Gnd only one case of this description 
in recent literature (Ijaacbe, Case 9). At Sloanc Maternity Hos- 
pital from 1^92—1899 the writer saw many cases of severe anemia, 
but none of the progressive pernicious tyjie. Ahlfeld, in a wide 
experience, could not report a single case following pregnancy, 
(18ft8). The rather numerous current reports of severe anemia fol- 
lowing pregnancy refer to a severe secondarj- type, and, as Ehrlich 
oonuludes, it is impossible to ascribe to pregnancy any peculiar influ- 
ence in the origin of the disease, 

gyphllia. — That syphilis is occa.sionally followe<l by anemia in which 
the morphological changes in the blood are identical with those of pro- 
gressive pernicious anemia, seems to W fairly well attested by the re- 
ported cases of I^ache, Kjerner, and F. Mullcr. 
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In children suffering from hereditary syphilis the variations in the 
size of red cells, their increase of Hb, and the large numbers of 
megaloblasts, seem to leave little doubt that, in this age at least, 
syphilis figures as an exciting cause of progressive pernicious anemia. 
(Loos, Luzet.) Yet the reports in recent literature have not strength- 
ened the view that syphilis may lead directly to this peculiar type of 
anemia. The changes in the blood seen in the great majority of cases, 
although often severe, seem to follow the type of simple secondary 
anemia. Consequently Ehrlich and Lazarus doubt the existence of 
the disease as a result of syphilis. 

The writer has seen excess of deeply staining megalocytes, and megalo- 
blasts, in several cases of moderate severity shortly after florid syphilis, both 
in adults and infants, and has come to regard the differential diagnosis of 
severe secondary anemia in syphilitic subjects fi*om progressive pernicious 
anemia, as one of the most difficult flelds in blood-analysis. From experi- 
ence at the autopsy-table it has been very apparent, however, that most 
cases showing advanced or active tertiary lesions have shown types of 
secondary anemia. The subject requires much more extensive clinical and 
pathological observation. 

Malaria. — Although there are in the literature numerous cases of so- 
called pernicious anemia referred to malarial infection, the fact that 
the typical changes of the disease may be established as a result of 
chronic malaria was not demonstrated until Bignami and Dionisi re- 
ported their study of the marrow of fatal cases. Here were found the 
signs of megaloblastic hyperplasia in distinct form. Among the 
writer's Montauk cases there were no less than 19 in which the blood 
showed a majority of megalocytes with increased Hb, and a considerable 
number of megaloblasts, and in one of these the lymphoid marrow was 
found markedly hyperplastic, with excess of megaloblasts, and an enor- 
mous number of young estivo-autumnal parasites. In all these cases 
the condition had become established within 8-10 weeks from the be- 
ginning of the infections, but the malarial element had doubtless been 
aided by exposure and poor food. 

The frequency of these cases among malarial subjects and the fact 
that the bone marrow suffers in a peculiar way in many cases of estivo- 
autumnal infection, are considerations which bear directly on the 
myelogenous origin of pernicious anemia. 

Typhoid Fever. — Quincke and Rosenstein each report the transfor- 
mation of the cachexia of typhoid fever into pernicious anemia but in 
neither case do their reports show the presence of typical changes in 
the blood, both falling in the class of severe secondary anemia. 

Gastro-intestinal Disorders. — The largest group of cases and those 
which from the first have given most support to the theory of the 
cryptogenic origin of the disease have been referred to disturbance of 
the gastro-intestinal tract. A certain number of these cases have 
shown at autopsy well-marked lesions of stomach or intestines which 
have been deemed a sufficient cause of the anemia, while in others the 
stomach and intestines have been found normal and the theory of in- 
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testinal auto-intoxication has been elaborated, principally by Hunt^ 
to account for tlie anemia. 

1. Lesions of Gastro-intestinal Tract. — Chronic gastritis or 
enteritis with fatty degeneration of the secreting cells of tlie peptic 
and intestinal glands, followed by atrophy and sclerosis of the mucosa 
have been demonstrated by Politick, Xothnngel, Fenwick, Levy, 
BrabuKoii, Noleu, Eisenlohr,' Osier, Ewald, Marlins, Koch, and Stengel. 

Ewald found this condition of the gastric or intestinal mucosa in all 
his subjects exiimined at autopsy and believes that such changes, which 
he calls anmhn'm, are responsible for all "idiopathic" cases, but Im- 
tnerman and Quincke had previously shown thai amtdenia is not found 
in all cases of clearly protopathic origin, and this claim has been 
verified by recent observers. The writer has secured excellently pre- 
served peptic and intestinal glands and intact lymphoid structures 
from an acute case showing no visceral lesions to which the anemia 
could be referred, and Eiscnlohr and Martins have reported extensive 
atrophy of intestinal mucosa in cases showing no gastro-intestinal dis- 
turbance and slight anemia. 

Stenoitiii of t)te pylornn as a result of annular carcinoma or of chronic 
gastritis, with extreme atrophy and contraction of the stomach, has 
been demou.itratcd in a considerable number of cases. (Israel, 
Ehrltch, Henvers.) 

In two of the writer's autopsies the stomach was markedly contracted, 
the pylorus was tightly stenosed, adtnittiiiK a lead pencil with diHicuUy ; 
the mucosa showed the changes of well mai-ked chroniii gaatritia, but the 
constriction of the pylorus was the result of chronic productive inHammation 
and not of carcinoma. These cases lasted two and four yeara, with inter- 
vals of improvement, but finally died with typical blood cbangca and with- 
out marked emaciation. 

Other cases with annular or circumscribed carcinoma of pylorus liave 
been reported as showing typical changes in the blood. The writer 
has not yet seen any case of cancer of the stomach in which the 
lesions in the blood were indistingnishable from the classical type of 
progressive pernicions anemia. Lanarus reports genuine cases follow- 
ing small pyloric cancers only. 

A "neiirolir atrophy" of intestinal mucosa has been suggested as an 
etiological factor by Banti, Jurgens (1882), Bluacbko (18S3), and Sasaki 
(1684), who found parenchymatous degeneration of ganglion cells in Meiss- 
Der's and Auerhach's plexnaes, but ScheimpHug has shown that no such im- 
portant deductions were warranted IVom the changes demonstrable at that 
time in sympathetic ganglia, since identical changed occur in many other 
condition-). Peculiar eosinophile glohulea have been described by Luharsch, 
Kuch, and Baxaki, in the atrophic adenoid tissue of chronic gastritis, and 
thcwc bodic* have been regarded as pathognomonic of this condition and of 
siguilicancp in the anemia, but HummarMrbtag has seen them in gaHtric 
cancer, uiiil the writer, in the normal stomach at autopny 1 hour after death 
from ether. 

The meaenterio lymph nodes liave been found hyperplastic, in one in- 
stance ooseou.i, by Eiohhorst, Quincke, and othora. This condition was 
prment in some of the writer's autopsies, but not in all, while in a case of 
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profound secondary anemia, probably of syphilitic origin, nearly all the 
abdominal lymph nodes were enlarged and caseous, but there were no 
megaloblastic changes in the blood. 

It is therefore obvious that all the gastro-intestinal ksiona thus far de- 
scribed in cases of progressive pernicious anemia have been seen in other 
conditions and thai none of them can be regarded as specific lesions in the 
disease. That many of the above lesions^ however, especially the 
marked atrophic conditioDs, may act as occasioDal exciting causes of 
progressive pernicious anemia, as of secondary anemia, seems equally 
probable. Yet, not a few observers regard them all as secondary to the 
anemia, or as unimportant associated lesions, while Faber and Bloch 
believe that the atrophy of the intestinal mucosa described in many 
cases is always a cadaveric alteration. 

2. Functional Disturbances of G astro-intestinal Tract. — 
The prominence of the gastro-intestinal symptoms of the disease has 
from the first directed special attention to the study of functional dis- 
turbances in the alimentary tract. 

The reports of Sandoz were apparently the first to seriously 
strengthen the impression that some of the most typical cases of per- 
nicious anemia are of intestinal autotoxic origin, this observer finding 
that apparently genuine cases were sometimes cured by vigorous gas- 
tric lavage, enteroclysis, and the administration of intestinal antiseptics 
and laxatives. This observation has since been fully verified and the 
opinion has steadily grown that the most frequent if not the essential 
cause of progressive pernicious anemia is found in a peculiar toxemia 
of intestinal origin, with or without organic lesions of the mucosa. 
The evidence supporting this opinion has accumulated from many sides. 

The results of intestinal antiseptic treatment has steadily pointed in 
this direction. The observations on bothriocephal us anemia have re- 
cently given significant evidence to a similar efiect (q. v.). Signs of 
increased intestinal putrefiiction have been noted in the excessive indi- 
canuria of the disease (Senator, Muller, Brieger, Hennige, Grawitz, 
Schaumann), and in the presence of cadaverin and putrescin in the urine 
of certain cases (Hunter). In a very acute case examined at autopsy 
by the writer the odor of H^S from the intestines was very intense, 
but in other cases there was very slight evidence of this putrefactive 
product. 

Hunter's studies in this field are undoubtedly the most important 
experimental contribution to the etiology of the disease that has yet 
been made. His conclusions are, briefly, that pernicious anemia is a 
specific clinical condition, resulting from excessive hematolysis occur- 
ring chiefly in the portal system and brought about by intestinal in- 
toxication in which the products of growth of specific bacteria are 
probably concerned. 

Reviewing the knowledge of the pathological changes in the blood and 
marrow, spleen, and lymph nodes, Hunter concludes that there is no known 
characteristic lesion of the disease, although the high Hb>index of the blood 
he regards as very important and an almost pathognomonic sign. Turning 
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to the liver he Qnde in the studiesof Peters proof that in the aoemia of wnst- 
\ag diseaaes there is no markedly excessive deposit of iron in the livt^r, and 
findx that in no disease bearing any clinical resemblance to pernicious 
Anemia does the deposit of iron in the liver approach iu any degree that 
characteristic of pernicious anemia. Moreover, this deposit is largely 
limited lo the out«r two-thirds of the lobules, a position in which the scanty 
deposits of other conditions (eiitravasai ion of blood, chronic congestion) are 
never limited. From the comparison of chemical analyses he finds that 
tbe liver in pernicious anemia contains on the average seven times as much 
iron as iu any other diseases attended with anemia, while the iron content 
of the spleen is not notably increased. He therefore concludes that ]>er- 
nicious anemia consists essentially in excessive hematolysis, occurring prin- 
cipally in the liver. Wby Hunter limiU the blood destruction to the portal 
system is not entirely clear, hut he reasons as follows: Malaria, par- 
oxysmal hemoglobinemia, and poisoning by pyrogallic acid cause general 
hemoglobinemia and hemoglobinuria, with deptisite in the liver unlike those 
of pernicious anemia, while in this disease and in poisoning by toluylendia- 
min there is never any Hb in the urine, but in each case the iron in the liver 
is found in the same position. Bince toluylendiamin exerts a specific stiinu 
lating action on the liver cells he believes the poison of pernicious anemia 
must be directed especially against the liver and hence he found principally 
In the portal system, a source which is ftirther indicated by the frequency of 
gaetro-intestinul symptoms. 

Hunter's studies are chiefly important in the demonstration of the pecu- 
liar behavior of thfe liver in ridding the blood of iron, but the theory of 
portal hematolysis by intestinal intoxication, while doubtless stronf;ly sug- 
gested by his results, is still far from demonstration. He has recently 
attributed to bacteria from decaying teeth, and to chronic infections gastro- 
enteritis from this source, an essential part in the etiologj- of the disease. 

Although extensive deposits of iron in the liver and the limitation of the 
pigment to the outer portions of the lobules have rince been shown to occur 
in other diseases (Russell, Hindenlang), and cases of pernicious anemia 
have been reported in which no excess of iron was found in the liver (Ran- 
som), Hunter has demonstrated characteristic if not pathognomonic features 
in the pathologicitl anatomy of the disease. 

UjeloganooB Origin. — There are recorded a moderate number of ob- 
servations which suggest that progressive pernicious anemia may re- 
sult directly from lesions affecting the normal physiology' of the bone 
marrow. Chief among these is the case of general sarcomatnsis of 
bone marrow described by P. Grawitz* as accompanied by typical 
changes in the blood. Litten (1877), reix»rt«?d a case of pernicious 
anemia followed by leukemia in which there wore multiple abscesses 
in the Ixine marrow, but the diagnosis of pernicious anemia appears 
tloublful. \Valdst(;in in 1882 saw a similar case in which the marrow 
was the seat of a peculiar change said to have resembled in structural 
details a chloroma found in the mediastinum. This case also is ob- 
acuro. 

Gi^witz believes that the severe nnemia sometimes following in- 
fectious processes is to be referred to changes in the marrow instituted 
during the course of the infection. The fre()uent occurrence of per- 
nicious anemia after malaria apiiears to have similar im|H>rl. 

Nerroiu Origin. — The prominent participation of the ticrvout eyMetn 
in tlie anatomical lesions of the disease has often raised a suspicion in 
many minds that some of these lesions might be primary. Except iu 
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the case of the abdominal sympathetic none of the lesions have been 
long claimed to hold such a position in the pathology of the disease, 
and at present it is generally accepted that the central nervous sys- 
tem suffers only secondarily from the anemia or as the result of as- 
sociated conditions. 

Likewise the functional disturbances of the nervous system cannot 
be claimed to act as more than somewhat distant predisposing causes, 
although McKenzie and Curtin have referred to certain cases as havmg 
originated directly from nervous shock. 

Infectious Origin. — Pernicious anemia has not escaped classification 
among infectious diseases ; by Klebs, who claimed to have observed 
flagellate bodies in the fresh blood ; by Frankenhauser and Petrone, 
who reported the isolation of leptothrices in several cases ; by Bemheim, 
who isolated a bacillus from the blood of one case after death ; and by 
Perles, who observed highly refractive, very actively ameboid bodies 
in several cases. 

Histological Changes in the Marrow. — Cohnheim's original report 
on the changes in the marrow of a case of pernicious anemia described 
the presence throughout the shafts of the long bones of lymphoid mar- 
row which contained no fat cells but was composed of a small number 
of colorless myelocytes and of many red cells most of which were 
nucleated and of unusually large size. This observation was verified 
by many later investigators, especially by Rindfleisch, Ehrlich, Muir, 
MuUer,* but its importance was greatly obscured by the reports by 
Neumann, Litten, Grohe, and others, that chronic diseases causing 
cachexia also lead to an hyperplasia of red marrow in the shafts of 
long bones. Neumann, and Litten and Orth, claimed also to have in- 
duced identical changes in the marrow by subjecting animals to repeated 
hemorrhages. In 1886 Greelmuyden claimed that the hyperplastic 
marrow in such chronic diseases does not differ in structure from that 
of normal lymphoid marrow except in regard to the Hb-content of 
the red cells, and that the hyperplasia here represetits merely a simple 
physiological increase in functional capacity. He showed also that 
while the hyperplastic marrow in pernicious anemia is very extensive, 
occupying as much as 82 percent of the cavities of long bones, and is 
firm and cellular, much of the marrow of secondary anemia is apt to 
be gelatinous with comparatively few cells, while the hyperplasia 
seldom becomes half as extensive as in pernicious anemia. 

The writer, from a study of the marrow in cases of grave secondary 
anemia, showing in the blood many megalocytes, observed that the 
limits of the hyperplasia are seldom very extensive, that the nucleated 
red cells are usually relatively scarce and of smaller size instead of 
being over abundant and of very large size as in pernicious anemia. 
These observations merely corroborate in minor details the original 
claim of Cohnheim and Rindfleisch. 

Yet the essential importance of the changes in the marrow is again 
brought into question by the reports of cases of pernicious anemia p* 
which the usual alterations in this tissue are wanting. 
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Six such c-asefi, reported by IiBache and Quincke, and one by Oeelmuyilen, 
date from too early a period to figure in the present discussion, but Ebrlich * 
in 1888 reported a cose of Tatal aoute anemia in a "bleeder" who suffered 
prindpally from metrorrhagia and in whose blood the red cells were reduced 
to 21A,000, the majority of thera being undersized, while nucleated r«d cells 
were absent, and there was apparently no hypcrplaHia of the lymphoid mar- 
row. Eugel has recently reported a very similar case. In 1893 the writer* 
observed an apparently similar condition in a boy of 18 years, of Cuban 
parentage, who bad always ajipeariid pale, aud whose eieter was extremely 
pale and moderately anemic. The patient suffered from uncontrollable 
epistaxis, Anally from intestinal hemorrhages, for three weeks before death. 
During the last week the red cells numbered 456,000, the lencoeytes were 
reduced in number, there were no megaloblasis and no megalocytes, th« 
miyority of red cells being oval and underaiied. No autopsy was secured, 
but the anemia appeared clearly to be of idiopathic origin. 

Ehrlich, Lazarus, and F^ngel drew the conclusion fVom such cases that 
pernicious anemia ie not necessarily associated with hyporplaiia of tha 
lymphoid mairow. 

The writer has encountered otfaer eases which seem to fall in this class, 
and for which the term " microcytic type of pernicious anemia" has been 
suggested, but be has always felt that the grounds for their clasHiQcation 
with other acute eases showing megnlohlosts and megalocytes are at present 
entirely inadequate. The reports of Ehrlich do not oOer any evidence to 
provt> the relation of these two types of anemia, and it seems entirely pre- 
mnUire to draw from such cases any conclusions regarding the pathologic^ 
nnatomy and pathogenesis of true pernicious anemia. 

The exient of Ike hyperplasia of lymphoid marrow may vary from 
Uie involvement of the entire shafU of all long bones to the appear- 
ance in smaller foci only of the megaloblastic changes. The latter 
condition is i>robal)Iy seen during the transformation of a grave sec- 
ondary to a pernicious anemia. Hyperplastic lymphoid marrow may 
be found in one long itone while in others the marrow is normal, 
(Lazarus.) 

Histologically, the marrow in milder coses shows a considerable 
namber of normal red cells, always less than in the circulation, a few 
normoblasts, and a greater numlier of mcgaloblast^ sometimes lying in 
" islands," while in a remarkable case of Rindflcisch's nearly all of the 
cells in the marrow were large uiegalo blasts. In most of the writer's 
oases the neutniphilc myelocytes were distinctly deficient, the princi- 
pal colorless cells being large, hyaline, and mononuclear. The eosins 
arc usually deficient. Evidences of active destruction of blood oella 
are seen in the presence of macrophages inclosing many red cells, 
and of many pigmented cells. Tiie megnloblasts may reach an ex- 
treme size, 50,(1 (RindReisch), their nuclei are u finally eccentric, and 
in various stages of degeneration, while the cell body is polychromatic 
and very densely staining, or fragmented and pale. 

Not only the grade, but the type of lesion in the marrow appears to 
vary in different cases. The writer has encountered three rather dis- 
tinct conditions in the mtirrow of ribs, vertebra, and femur, of fatal 
cosea of idiopathic pernicious anemia. 

1. The Ci)HNHEIM-RlNDFLEI8CH TYPE (mEGALOBLABTIC DBQEK- 
rration), in which with wide extension of lymphoid marrow an exoet- 
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sive proportion of the cells in the marrow, and nearly all the nucleated 
red cells, are megaloblasts or gigantoblasts. 

2. Extreme lymphoid hyperplasia (biyeloblastic degener- 
ation), in which the majority of cells are small, hyaline, and mononu- 
clear, while nucleated red cells are scarce, and those remaining are of 
large size. This type of lesion is identical with that recently described 
by Nagaeli, under the term '^ myeloblastic degeneration." 

According to Nagaeli, in pernicious anemia the hyperplastic marrow con- 
tains 95 percent of cells, a little larger than lymphocytes, non granular, 
moderately basophile, with reticulated nuclei. These cells he calls myelo- 
blasts and claims that they are the ancestral forms of myelocytes. He finds 
them in small numbers in the blood of pernicious anemia, and secondary 
anemia, and very abundantly in leukemia. (The writer has been unable to 
convince himself that these cells are not large and medium sized lympho- 
cytes.) 

3. Recently the writer encountered a case of fatal pernicious anemia 
of twelve months' duration, without demonstrable origin, in which the 
marrow showed a remarkable excess of nucleated red cells of normal 
size. 

Nature of the Megaloblastic Changes in the Marrow. — If Cohnheim's 
belief is accepted that changes in the marrow in pernicious anemia 
constitute a reversion of that tissue to the embryonal type in the for- 
mation of red cells, pernicious anemia roust be regarded as identical 
with or very closely related to a neoplasm involving the red cells. 
This view is accepted by Rindileisch and Ehrlich, but the latter, how- 
ever, does not apparently press the somewhat strained relation to a 
tumor formation. 

The review of our knowledge of the development of the blood, con- 
tained in Chapter IV., shows that the cellular processes concerned in 
the formation of red cells are virtually the same both in adult and in 
fetal life. In both periods the non-nucleated discs are the result of 
mitotic division of several series of erythroblasts, each new series con- 
taining more and more Hb, until by a process not yet fully understood 
the non-nucleated disc springs from the last series, i. f., the normo- 
blast. In both adult and embryonal lymphoid marrow the earlier 
series of nucleated Hb-holding cells appear to be nearly equally repre- 
sented, while at no period of embryonal life are very lai^ mitotic 
polychromatophilic cells seen such as abound in the marrow of acute 
pernicious anemia, and under no other conditions does the marrow con- 
tain such an excess of the large megaloblasts as in this disease. The 
essential difference between the normal formation of red cells in the 
adult and their defective development in pernicious anemia consists in 
the failure of the later more highly specialized series of erythroblasts, 
I. e., the normoblast. This of course is the fundamental nature of a 
tumor formation, in which the highly specialiaed properly functionat- 
ing tissues are replaced by excessively cellular, poorly differentiated 
structures, subject to a great variety of degenerative changes. 

Although the gigantoblast of pernicious anemia is never seen in em- 
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bryonal blood-forming organs, such aberrant forms seem to result froia 
secondary degenerative processes, while it is the absence of uornioblaets 
which ia the more important anomaly of blood formation in the disease. 
The investigations of the thirty years that have intervened since Cohn- 
beim concluded (18C8) that jwruicioiis anemia is a reversion to the em- 
bryonal type of blood formatiou seem to have in a considerable degree 
verified his belief. To what extent pernicious anemia follows the lawa 
known to govern the ncciirrencc and behavior of tumors is an impo^ 
tant inquiry which cannot here be further considered. I 

Fathogenesis of the Disease.— Progressive pernieioue nnemin is believed 
by some to result through derective hemalogenesis, and by otbers primarily 
from excessive hematolyais, to which is added tecoadarily defective hcmBto- 
genesis. 

The latt«r view is based principally upon the abundant evideiKTo of exues- 
eive hematolysis which is uudoubUidly the prominent extt-rnal feature of the 
disease, upon the reporteil occurrence of eases of pernicious anemia which 
were rapidly fatal without yielding evidence of defective bematugenesis in 
the megaloblastic changes in the marrow, and upon experimenial evidence 
that the prolonged action of certiuu blood solvents, toluylendiamtn, elc. , may 
lead to a condition very similar to progressive pernicious anemia. To some 
extent this opinion la favored also by the results of repeated losses of blood 
whii-'h have been shown to lead to a condition closely resembling progressive 
pernicious anemia both in the blood and in the marrow. (Neumann.) More- 
over in many cases of grave secondary anemia the blood often approaches in 
character that of the cryptogenic anemia, and this fact has been accepted oa 
favoring the hematolytic theory, although in cancer of the stomach, which 
leads to some of the severest grades of secondary anemia, defective blood 
formaUon seems quite as likely to llgure in the anemia as does excessive 
bematolysis. The acceptance of this view involves the admission that the 
ohanges in the marrow are secondary to the destruction of blood and are 
therefore not pathognomonic of the disease. 

The writer has always felt that the correct conception of the disease ac^ 
cording to present knowledge is as a process of defective hem Biogenesis in 
which megaloblastic degeneration of the marrow is the pathognomonic tissus 
lesion and excessive hematolysis a constant result. 

Hematolysis undoubtedly precedes in many instances defective hemato- 1 
genesis, but it is a difterent kind of hematolysis from that which occurs after | 
the megaloblastic changes have become established. The peculiar d»- 
Btniction of blood cells seen in pernicious anemia, marked by excessive de- 
posits of iron, by hemoglitbinnria, pathological urobilinuria, by phagocytic 
eoglobement of red cells in the marrow, and by peculiar clinical symptoms, 
apiienra to be possible only when red cells are defeciively formed. 

Most convincing demonstration of the propriety of this view was encoun- 
tered on comjiaring a ciise of profound secondary anemia from chronic ulcer 
of the duodenum with a rapidly fatal case of the cryptogenic disease. In 
the former case, although the Hb registered only 10 percent and the red 
cells were below one million, there were only slight changes in the size of 
thecctlsand the palieut improved under iron. In the latter case, the Hb reg- 
istered SS percent on first examination, the red cells 1,780,000, but megalo- 
eytos and meguloblosts were abundant and the patient died after an acute 
lllnens of four weeks. The essential dllference between these cases appears 
olenrly to have been not in ibe destruction or loss of blood but in its forma- 

It has been amply shown that the system can replace enormous losses if 
conditions are favonible for the normal prmluction of blood. LaEorus fjuotes 
the example of a Russian physician whose health remained little alfected by 
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the loss of about four times the entire volume of blood by consecutive pul- 
monary hemorrhages in the course of a few months. This author also refers 
to cases of cancer of the stomach in which the ademia remained compara- 
tively harmless until suddenly changing from the secondary type with low 
Hb index to the primary with increased Hb-index and appearance of megalo- 
blasts. (Die Anaemie, p. 43.) 

The attempted experimental production of pernicious anemia by the use 
of blood solvents, etc., may or may not have been partly successful, as indi- 
cated by Neumann's studies, but their outcome can hardly alter the fact that 
blood destruction may be continued over long periods without giving the 
typical picture of pernicious anemia which is at once evident in clinical ob- 
servation when defective hematogenesis is added to the long-existent hema- 
tolysis. 

In view of these and many similar considerations it would seem that the 
belief is justified that it is the megaloblastic degeneration of the lymphoid 
marrow which constitutes pernicious anemia a separate clinical and path- 
ological entity. Hematolysis may, and in some instances does, precede, in 
point of time, the changes in the marrow, as in the pernicious anemia fol- 
lowing malarial cachexia, but this destructive influence at once takes on a 
new character and produces specific results when acting on defectively formed 
cells, as is shown by the comparison of the iron content of the liver in sec- 
ondary and in progressive pernicious anemia. 

The occurrence of rapidly fatal cases of the disease and the transformation 
of a grave secondary anemia (cancer of pylorus) into true pernicious anemia 
may be explained by a rapid and general or slow and partial establishment 
of the marrow changes. In the former case the changes in the blood will be 
pronounced from the first, in the latter it may be difficult to determine the 
exact point when a grave secondary becomes a true pernicious anemia. 

Ohanges in the Blood. 

Ohemistry. — The specific gravity of the blood is constantly reduced, 
owing to the loss of both the albumens of the plasma and the Hb of the 
red cells. The gravity is here a much less reliable indication of the 
Hb-content than in chlorosis, in which the Hb alone is markedly af- 
fected. (Haramarschlag, Dieballa.^ Nevertheless, it is just in this dis- 
ease that the information furnished by the specific gravity is of peculiar 
interest, as it concerns those principles in the plasma of which little 
can be learned by other, simple, clinical tests. 

Grawitz finds that the specific gravity of the blood may fall below 
1.030, or below that of normal serum. Dieballa had two cases show- 
ing a gravity of 1.028, with red cells 404,000 and 500,000, while 
Copeman, using Roy's method, reported a case with a gravity of 1.027. 
That there is no close relationship between the numbers of red cells 
and the specific gravity appears in Dieballa's tables in which a gravity 
of 1.038 was obtained in one case showing 784,000 cells and in an- 
other with 1.4 million cells. The total albumens of the blood are much 
reduced, but the loss aflfects principally the red cells. Grawitz finds 
the loss of albumens of the serum to be distinctly greater in secondary 
anemia timn in progressive pernicious anemia. 

The great reduction in total albumen of the blood is indicated by 
the low percentage of dry residue found by v. Jaksch, Grawitz, and 
Stintzing and Gumprecht, who in very severe cases obtained between 
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9 percent and 12 percent (nonnal 20-24 percent), wliile the red oellB" 
numbered between 534,000 and 1,7 million. That the loss of albumen 
ia due principally to the changes in the red cells appears from the fact 
that the specific gravity and dry residue of the i^rum are but slightly 
altered even in severe cases. 

Thus Grawitz found a gravity of the serum of 1,024 (normal 1,027- 
1.029), dry residue 7.08 percent (normal 10-10.5), while the gravity 
of the blood fell to 1,036, and its dry residue to 11.45 percent (nor- 
mal 21-24 percent). While the albumens of the blood were reduced 
therefore one half, those of the serum fell only one fifth, Similar resnlta 
were obtained by Dieballa. This loss of albumens of the whole blood 
must be referred to the loss of fibrinogen and to the diminution of red 
cells, V. Jaksch's analyses' of red cells in pernicious anemia led him 
to conclude that those remaining are abnormally rich in albumens, & 
view which may seem to accord with the large size of these cells. By 
estimating the N of 100 gr. of centrifuged red cells he obtained 6.48 
grm. N, 40.5 grm. alb. (normal 34.6). Grawitz's analyses however 
do not support this conclusion. 

The relatively high proportion of albumen in the serum in jwrni- 
cious anemia distinguishes this disease, aa Grawitz has shown, from 
many forms of secondary anemia arising from hemorrhage, malignant 
tumors, etc., with which the albumens of the serum arc much reduced. 

The resiMance of the red cells has not apparently l>ecn tested, 
although Liml}cck (p. 163) found their isotonic teusiun somewhat in- 
creasetl (resistance diminished) in two cases of grave anemia. 

Copemun noted that the hemoglobin crystallized readily from the 
blood of a case of pernicious anemia, while it is very difficult to obtain 
such crystals from normal human blood. 

Horpholoffical Ohanges. — The whole ■aijuott is much reduced 
in qnantily as is shown by the scanty content of vessels and viscera at 
autopfiv, and by the imperfect filling of the su]>erficial vessels during 
life. This retluction in bulk is often so marked as not to rcijuire for 
its demonstration any attempts at accurate measurement. 

CoAotiLATios is very feeble so that on standing it was early noted 
(Ponfick) that the red celts settle Xa the bottom, the leucocytes form a 
middle layer of variable depth, while the plasma dejmsits nearly all its 
cells without interference from clotting. To the feeble clotting is 
probably referable the very slow separation of serum from the clot, as 
observed by Ijenoble. 

The COLOR of the blood may in mild cases be almost normal ; it is 
usually very pale; while in extreme cases visible currents of colorless 
serum mingle with the drop on very slight pressure. On this account 
a liberal puncture may be required to obtain a drop suitable for exam- 
inalion. A very dark color has been observed by Furbringer and, after 
transfusion, by Gusserow. 

Hemoglobin. — The percentage of Hb varies from a moderate redtio- 
tion (70 percent) to such a low point that accurate estimates are im- 
possible, while the FleischI instrument indicates less than 10 percent. 
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In the average case the Hb registers between 20-40 percent. A 
rather high percentage of Hb with severe clinical symptoms and pro- 
nounced morphological changes in the red cells is not infrequently 
seen. Lazarus refers to a case showing 65-70 percent but otherwise 
with pronounced symptoms. The Hb is usually not so low as in 
secondary anemias of equal severity. 

A RELATIVELY HIGH Hb-index is ouc of the characteristic features 
of the blood. In many cases, especially when the megalocytes are 
very abundant, the Hb-index is dbove normal (1—1.75) and in such 
cases the index is apt to rise as the anemia increases, and to fall dur- 
ing intervals of improvement. In a larger group of cases the index 
does not vary greatly from the normal, when the excess of Hb in 
megalocytes balances the loss in other cells. In other cases the index 
is for long periods below normal, but still relatively high as compared 
with secondary anemia and chlorosis. Thus the Hb-index in chlorosis 
averages about .50 (Cabot, Bramwell), but in pernicious anemia the 
index seldom approaches that figure. The low Hb-index is usually 
seen in chronic cases, while the highest indices obtained by the writer 
were in more rapid cases especially just before death. 

In some cases of secondary anemia the Hb-index may approach the 
normal, so that comparatively little diagnostic importance can attach 
to the lesser grades of increase in Hb. 

Bed Oells. — In the average case of established pernicious anemia the 
red cells vary slightly above or below one million. Well-marked mor- 
phological changes may exist, however, when the red cells number 
over tux) millionsy but earlier stages of the disease have so far escaped 
notice, indicating that preexisting anemia is an essential predisposing 
condition. 

Although Quincke reported 143,000 red cells in a case which recov- 
ered and Hayem 292,500 in a fatal case, more recent reliable statistics 
show that life is seldom prolonged when the cells fall below 400,000. 
Even this extremely low proportion is below the count in many fatal 
cases, as many patients succumb when the red cells are about one 
million. Most fatal cases show at death between 300,000 and 600,- 
000 red cells. The reduction in cells, in cases under treatment, seldom 
progresses uniformly, intervals of improvement, followed by rapid re- 
lapses, continuing till the end. 

Changes in the form, size, and staining reaction of the cells are even 
more important than their reduction in number. 

While the largest cells of normal blood measure about 9 /i across, in 
pernicious anemia the increased size of the cells is characteristic of 
the disease, the average diameter being estimated by Lazarus at 11-13 
/i, while some may reach a diameter of 16-18 fJt. (Askanazy.) Cases 
vary greatly in regard to the extent and uniformity of this lesion. In 
one of the writer's cases, not of unusual gravity, at least 90 percent 
of the cells measured from 11-16 /i. Megaloblasts were very numer- 
ous, and microcytes extremely rare. It may be said thai unless 33 per^ 
cent of the celts are distinctly oversized the diagnosis of pernicious anemia 
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gho'ilil hf mniJr with rrserre. Uaualty, but not always, the proportion 
of raegalocytes accords with the severity of the condition. I^azarus 
found in f* severe cases 56—71 percent of megalocytes, in 5 cases dur- 
ing periods of improvetoent 33— .50 percent, or dnring complete remis- 
sions 0-14 jwrcent. 

The Hb-content of these megalocytes is in typical cases distinctly 
increased and the cell is flat and uniforndy opaque instead of showing 
the bl-concave discoid shape. The writer has found this character of 
the m^aloeytes a very reliable differential sign between true perni- 
cious anemia and the grave secondary anemia of cancer, etc. In the 
latter conditions the great majority of megnlocyt«s are lisiiallr deficient 
in Hb. (Cf. Pktes V. and VI.) 

MiCRfX'YTES are a somewhat less characteristic cell-form iu perni- 
cious anemia. They may be only slightly under normal size or be 
found in severe cases as mere points of reddish staining protoplasm 
not over I ii in diameter. They may contain an excess or deficiency 
of Hb, In the early stages of the disease the writer has found them 
less frequent, but in mnribiind cases they rarely fail to apjtear in con- 
siderable uumbera. The division of forma Wtween mogalocytes and 
microcytcs is then oft«n complete, no normal cells remaining. 

Deixjbmed bed cells (ri>iKii,0(.-\TE8) of all sizes are commonly 
present in considerable numbers, probably resulting from the ameboid 
properties of the cells and frequently from traumatism. The oval shape 
of many cells both large and small was early noted by Osier and Gard- 
ner, and in some cases this character is very prominent, for reasons 
which are not clear. Pear-shaped cells are perhaps the most common 
form, the narrow point representing a pseudopodinm. Cells very defi- 
cient in Hb are apt to bend into horseshoe or pessary shapes. Cells 
rich in Hb less often become deformed. 

Ameboid motion of red cells in pernicious anemia may be observed 
in fresh preparations. The moving cells usually content themselves 
with the extrusion of pseudopodia, and with changes in shape which 
Miiir and Gulland believe are not true ameboid phenomena, but the 
writer has seen aotive locomotion of lenticular microcj"tes, 

Xrci-EATED RED CEi.i.s may l»e said to occur in all cases of perni- 
cious anemia, but their demonstration sometimes requires prolonged 
search. It has been shown by Ehrlich and verified by nearly all lat«r 
observers, that tiifi/ttiiMtintj' constitute the majority of such cells in per- 
nicious anemia and there is at present no ground on which to deny 
their pathognomonic significance, when present in large numbers. In 
typical cases of the disease they are almost or quite exclusively present, 
while normoblasts arc commonly absent. Their numbers seem to de- 
pend largely on disturbances of the circulation and other accidents, but 
Ehrlich claims that the extent of tlie megaloblastic degeneration of the 
marrow may be determined by the numbers of these cells in the blood. 
This rule probably holds in general, but in the writer's experience 
tliere have been cxiwptions. In other cases both normoblasts and 
megaloblasts appear in the blood, in which case it is (bund that the 
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m^aloblasts outnumber the normoblasts, indicating that the defective 
formation of cells has become uppermost. 

From the considerations mentioned under the etiology and patho- 
genesis of the disease it will be seen that the crucial point in the diag- 
nosis between secondary and pernicious anemia is encountered in prac- 
tice, in the proportions of normoblasts and megaloblasts to be found in 
the blood. If, as appears to be fully attested, a grave secondary may 
be transformed into pernicious anemia, the change must consist pri- 
marily in a megaloblastic degeneration in some portion of the marrow. 
The normoblasts of the circulation must then be gradually replaced 
by megaloblasts. 

These theoretical deductioDS appear to be borne out in cliDical experience 
since the appearance of megaloblasts accompanies a more severe type of 
anemia. Jjazarus finds normoblasts rarely associated with megaloblasts, and 
this has been the writer's experience, except in children, in whom both are 
frequently found together. Schaumann saw both forms in all his cases of 
bothriocephalus. Cabot noted that megaloblasts and normoblasts are fre- 
quently associated in pernicious anemia and that the former increase when 
the disease grows worse. Askanazy found many megaloblasts in a case of 
hothriocephcduB, while after expulsion of the worms they were steadily re- 
placed by normoblasts. Dorn observed an idiopathic case promptly improve 
after the sudden appearance of many normoblasts. From Coles' extensive 
observations in two cases it is seen that there may be very marked varia- 
tions in the numbers and to a less extent in the proportions of normoblasts 
and megaloblasts in the blood, and that in the early stages of the disease 
normoblasts may predominate. On both clinical and paihological grounds 
therefore it is justified to class an anemia as pernicious when the megcUoblasts out- 
number the normoblasts^ or when any considerable proportion {33 percent) of the 
red cells are megalocytes with increased Hb. 

A question frequently arises regarding the value of a prolonged 
search for megaloblasts in order to establish the diagnosis of pernicious 
anemia, since if only one nucleated cell be found and that a megalo- 
blast the chances favor the presence of an excess of such cells over 
normoblasts. It is quite possible, however, that the first few nucleated 
cells should be of large size while the next three or four prove to be 
normoblasts, and it appears much more rational to base the diagnosis 
upon the general morphology of the blood and on all the clinical data, 
than to rely upon any single isolated sign. Nevertheless the discovery 
of a single very large megaloblast with abnormal nucleus is virtually a 
pathognomonic sign of pernicious anemia. 

The numbers of nucleated red cells in pernicious anemia vary greatly. 
Frequently they are scarce and their demonstration requires patient 
searching. Or, of two slides taken at the same time one may contain 
several and the other apparently none. Usually they increase with 
the severity of the blood changes. The occurrence of normoblastic 
blood-crises has been referred to (Dorn) as a favorable sign. Coles 
found over 6,000 nucleated red cells per cmm., the majority of large 
size, in a fatal case. The writer has found them unusually abundant 
in a case in which nearly all the red cells were very large, and has seen 
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them nearly as numerous as the leuei,>cjtes during ante-mortem leuoo- 
cjtoats. Distinct microbloEts are comparatively rare. 

The occurrence of mitotic nuciei in m^alobla^ts, first described by 
Luzet, 18 usually limited to the severer stages of the disease, in which 
their presence is pathognomonic of the coudition. Schaumann, how- 
ever, found them in a case that recovered. The presence of three or 
more uneijiuil astem in one gigantoblast, as occasionally found in se- 
vere cuses is one of the most significant pathological signs within the 
range of blood analysis. (Plate V., Fig. 10.) 

Dbxiesebative chasqes IK THE RED CEI.I.S not only cause the 
appearance of abnormal cell forms but lead to a series of chemical and 
mtirpkologicul uHerattoni plainly demonstrable in stained specimens. 
PolyckromalophUia, referring to the development of a brownish stain- 
ing quality of the Hb is constantly present, usually more marked in 
the severer cases. It appears probable that the change is in some cells 
preliminary to the solution of Hb in the plasma, but according to 
Engcl it indicates very rapid formation of cells and incomplete meta- 
morphosis of nucleus. It is most marked and nearly constantly present 
in megaloblasts, some of which staiu diffusely brownish blue. 

Hemoglobinemia is constantly present in the severer cases and is in- 
dicated by a distinct brownish red staining quality of the dried plasma. 

Punctate basophilia (granular degeneration {Grawitz')) of red 
cells is of moderately frequent occurrence both in mc^locytes and es- 
pecially in megaloblasts. As previously shown, this abnormality is 
sometimes referable in the ro^uloblasts of [>ernicious anemia to karyo- 
rhexis of degenerating nuclei. In other oeWs the blue granules are 
prol>abIy reappearing particles of the nuclear remnant of ordinarj' red 
cells. (Maximow.) 

ScillsToc PTOSIS, or the separation of fragments of red cells, is, ac- 
cording to Ehrlich, the mode of origin of many microcytes in per- 
nicious anemia. 

Hydremia of red cells probably causes many smaller cells to appear 
much larger than normal. It has already been shown that hydremia 
of the plasma is probably responsible for the increased diameter of 
many red cells, but in pernicious anemia the majority of megalooytes, 
especially those with increased Hb, are undoubtedly derived from 
megaloblasts. 

Absence of roitleaux is a constant and very characteristic feature 
of the disease, and results not only from the reduction in the number 
of cells but principally from chemical changes in their membranes and 
protoplasm. 

The LencocTtes. — In well established cases the leucocytes are 
markedly reduced in numl>er. This condition is clearly referable to the 
megaloblastic lesion in the marrow, which leads to an excessive pro- 
liferation of megnloblasts at the expense of other marrow cells. (Rind- 
fleisch.) Progressive hy[K>leucocytosis is the rule, the white cells fall- 
ing very low in extreme cases, (1,500-2,000, Hayem.) Of the 
colorti?KS cells which remain, a diminished proportion are neutrophile, 
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the majority being large and small basophilic cells. With the reduc- 
tion in total numbers there is a relative lymphocytosis, very slight in 
the mild cases, and very marked (79 percent, Cabot) in severe stages* 
The eosinophile cells usually vary within low normal limits. In th^ 
severer cases they are apt to be reduced (Grawitz, p. 102), and rarely 
may be absent (Cabot), but, contrary to Neusser's belief, they are very 
scarce in mild and present in some fatal cases. In the marrow, the 
writer has found them usually much reduced in number. Myelocytes 
are usually present in small numbers, Cabot finding them in 42 of 62 
cases. The writer finds these cells in pernicious anemia almost invari- 
ably of the smaller type, but has seen isolated specimens of the larger 
(Cornil's) neutrophile cell, which is abundant in leukemia. 

Miist-cdla were increased in some of the writer's marrow smears, but 
he has never seen more than single examples in the blood smear. 

Hyperleucocytosis in pernicious anemia occurs as the result of com- 
plications, as an ante-mortem phenomenon, rarely without discoverable 
cause in course of the disease, and in one case (Dom) it appeared to 
be associated with a normoblastic blood crisis, and heralded a favor- 
able turn in the disease. 



RESUME OF THE CHIEF FACTS CONCERNXNG PBOGBESSIVE 

PEBNICIOXJS ANEMIA. 

Deflnition. — The term should be applied to all forms of grave 
anemia showing an excess of megaloblasts over normoblasts, or at 
least 33 percent of megalocytes (or less during remissions). 

Etiology. — The largest group of cases remains of cryptogenic origin 
but is possibly to be referred to intestinal intoxication. Various lesions 
of the gastro-intestinal tract are underlying causes, including chronic 
gastritis with or without stenosis of pylorus, and small carcinomata of 
pylorus. 

Of intestinal parasites, Bothriocephaltis lotus certainly, and other 
parasites possibly, lead to the disease. 

Repeated hemorrhages in rare instances cause typical pernicious 
anemia. Pregnancy has no specific influence, but the cases which fol- 
low parturition are probably referable to hemorrhage and various un- 
hygenic conditions. 

The disease is referable to pemicioxcs malaria often ; to syphilis, pro-' 
longed diarrhea^ bad hygienic conditions^ probably ; to typhoid fever, 
yellow fever, and other infectious diseases, doubtfully ; but not to func- 
tional or organic disturbances of the nervous system. 

Lymphosarcoma of the marrow was present in one reported case. 

Pathological Anatomy. — ^The essential lesion of the disease is a 
megaloblastic metaplasia of the lymphoid marrow which is invariably 
present, is pathognomonic of the disease, and in many respects re- 
sembles a tumor formation affecting the progenitors of the red cells. 

Pathogenesis. — ^The disease does not exist until defectively formed 
red cells are being destroyed in large numbers by some hemolytic agent. 
13 
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Changes in the Blood. — The red cells may be reduced tn about 
200,000, hut usually number about one milliou. Megaloej'tea with 
increased Hb constitute from ;I3 percent to 90 percent of the cells, 
but during remissions they may \k very scanty. 

Megaloblasts are very scarce, or very numerous, and are either ex- 
clusively present, or outnumber the normoblasts. Microhlasts are rare. 

The Hb-index varies, but in the advancing stages it is usually al>ove 
normal, or during periods of improvement or remission may be below 
normal. If below normal, it is usually higher llian in any other form 
of anemia. 

In tlie /resk blood coagulation is very feeble, rouleaux do not form, 
there are doubtfid evidences of ameboid motion of poikilocytvs, but 
occasionally active locomotion of microcytes. Heinnglobinemia often 
exists, but is sometimes, possibly, an artifact. 

D^enerative changes in red cells are extensive, including poikilo- 
cytosia, schistocytosis, diminishiMl resistance and solution of red cells, 
polychromasia (Gabritacheweky), punctate basophilia and karyorfaexis 
in megalocytea and megaloblasts. 

I/eacacyteg are usually reduced, in proportion to the severity of the 
lesion in the marrow and the progress of the disease, and relative lym- 
phocytosis is the rule. Leucocyto»is arises usually from complications, 
rarely with "blood crises," and often just before death. Eosins are 
commonly deficient and a few medium -si zed myelocytes can usually be 
found. 

Chemistry. — The blootl is much reduced in bulk. The specific 
gravity has no constant relation to the number of red cells or propor- 
tion of Hb, but follows the loss of albumens, of cells, and of plasma. 
It may full as low as 1.027. The albumens and specific gravity of 
the serum arc much less reduced than in grave secondary anemias. 
The resistance of the red cells is reduced nud Hb may crystallise read- 
ily. The hydremia of the plasma affects the red cells and is probably 
re8(n)nsible for some of their increase in size. 

The Diagfnosis may rest upon the presence of: — numerous megalo- 
blasts and megalocytes with increased Hb ; 33 percent of meg:al<5cyt«s 
with increased Hb; an excess of megaloblasts over normoblasts; a 
single gigantoblast or mcg&loblast in patholi}gical mitosis. 

The diagnosis cassot rest on an extreme reduction of red cells. 

The diagnosis may re<juirb the complete summation of all clinical 
and morphological data, as well as observation on the course of the 
disease, or even the microscopical examination of the marrow. 

The cases of fatal idiofkathic anemia of microcytic type (Ehrlich, 
£ngel, ft a/,) cannot at present l>e classed with the Addison-Biermer 
progressive jiernicious anemia. 

nie propiOBiB is very difficult to determine. 

The nio.'^t severe case on record recovered. (Quincke's with 
143,000 (?) re<l cells.) Severe cases of erypt<^nic origin may recover. 
The most unfavorable are the very acute idiopathic cases, and those of 
slower development from gastro-intestinal legions. 
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The sudden development of well-marked changes in the blood com- 
monly indicates a severe course but such cases have recovered. The 
slow relapsing cases, with gradual changes in the blood and absence 
of megaloblasts usually die from their anemia. 

A high Hb-index goes with well-marked changes in the blood and 
marrow and is of unfavorable import. Lower Hb-indices are seen in 
chronic cases and in remissions of more acute cases. 

A reduction to 600,000-700,000 red cells in this disease is seldom 
survived. Marked degenerative changes in megalocytes and megalo- 
blasts, and marked hemoglobinemia go with the severe cases. 

Extreme reduction of neutrophile and eosinophile leucocytes is an 
unfavorable sign ; while leucocytosis commonly precedes death by a 
few days. 
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Historical. — Probuble cases of leukemia were observed and c 
mentcd upon from tbc beginniDg of tbe 19th century by Bicbat, 1801^ 
Acdral, 1828, HodgkJn, 183*2, Donne, 18.30, and many others, and the 
diaeaee waa imperfectly recognized in current text-books {Piorry, 
Velpcau, llokitansky) in whicli it was rcgardi-d as an obscure suppura- 
tive "hematitia" (Piorry). Donne, however, in 1839, found in bis 
cose at autopsy that the blood cells were more than one half " white or 
raucous globules," and attributed the disease to a failure of traiisforma- 
tioii of the leucocytes into red cells. 

The first stop in the elucidation of the disease was made when Craigic, 
ID 1841, demonstrated an entire absence of suppumttve foci in the body 
and concluded that the purulent material was absorbed from the en- 
larged spleen of which the histological structure " does not favor the 
gathering of pus in abscesses." 

In the same issue of the Ediubui^h Medical Journal, Bennett de- 
scribed a second case, de mo nst rating an entire absence of suppurative 
foci, describing accurately the gross appearance of the blood in bulk, 
and under the microscope recognizing the leucocytes as identical in ap- 
])eamnce with pus cells, and adding to the lesion in the spleen a uni- 
form entailment of lymph nodes. Regarding the nature of the 
disease he concluded that the excess of leucocytes in the blood must be 
classed as pus ; that in this case tbe pus was formed, entirely from the 
action of a zymotic principle in tbe blood, quite apart from inflamma- 
tory processes ; and that the enlargement of the liver and spleen and 
the pyoid condition of the blood " lead us to conjecture that in some 
way tliey stand in the relation of cause and effect." 

Virchow, a few weeks later, described a case complicated by super- 
ficial abscesses, and termed the condition " teeisse» htiit " or leukemia. 
In a series of later articles he distinguished more clearly than Bennett 
had done between pyemia and leukemia, and emphasized the relation 
between the changes in the blood and the lesions in the blood-forming 
organs, holding the disease to be a primary affection of these organs. 

In 1851 Bennett contributed the first monograph on the dise^, 
collecting 37 cases, describing and depicting the microscopical appear- 
anoe of the blood, reporting the first chemical analyses, giving very 
reliable descriptions of the symptomatology and pathological anatomy, 
reporting cases of idiojtatbic splenic tumor without leukemia, and 
employing the term lau-in-yfln-mln as preferul»le to leukemia. 

In 1847 Virchow observed a case in which the spleen was very 
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slightly and the lymph nodes greatly enlarged, and in his review of 
the subject in 1853 he pointed out the grounds for division of the dis- 
ease into splenic and lympliatic varieties. The chief of these grounds 
was the presence in the blood of the above case of cells which resembled 
those of the lymph nodes. 

The leucocytosis was first demonstrated during life by Fuller (1846), 
who also believed that the alterations in the blood were not of in- 
flammatory origin. In 1 851 Vogel, also, demonstrated the leucocytosis 
during life and attempted to count the cells. 

In 1869 Neumann ^ described the lesions of the marrow, demonstrat- 
ing the origin of the myelogenous variety of the disease, and his obser- 
vations were verified and extended by Waldeyer (1871). Ponfick noted 
that in some cases the marrow is light yellow and puriform, while in 
others it retains more or less fleshy color, a variation which he referred 
to the extent of the cellular hyperplasia. The hyperplasia of the 
gastro-intestinal lymphatic structures and metastatic tumors of the 
pleura were described by Friedrich in 1857, while the enlargement of 
the liver was referred to collections of cells probably derived from the 
blood, by Bottger in 1858. 

In the morphology of the blood it was shown by Bennett and Vir- 
chow, that the leucocytes of the blood were identical in appearance 
with those of pus, although Virchow was careful to point out that they 
were not therefore of similar significance. These early observers both 
described the cells as mononuclear, or polynuclear, or devoid of nucleus 
(Virchow), and granular or hyaline. Virchow and most others mistook 
the eosinophile granules for fat particles. In his case of lymphatic 
leukemia Virchow described the cells of the blood as resembling those 
of the lymph nodes. 

No important advance in the knowledge of the minute structure of 
leukemic blood cells was made until Schultz and Erb in 1865 classi- 
fied leucocytes according to the character of their protoplasm. Neu- 
mann's discovery of the myelogenous type of the disease also directed 
more careful attention to the characters of the new leucoc}rtes and 
strengthened the suspicion that the new cells of leukemic blood were 
not all of the same varieties as seen in normal blood. The question 
was finally settled by Mosler^ who punctured the sternum during life 
and secured from the marrow large numbers of the identical cells seen 
in the peripheral circulation. It was at once concluded that these 
cells must be characteristic of the myelogenous type of the disease. 

In 1879-80, Ehrlich's studies added greatly to the knowledge of 
leukemic changes in the blood and were especially important in per- 
mitting greater accuracy in diagnosis. It then for the first time be- 
came possible to distinguish all cases of lymphatic from myelogenous 
leukemia, and to recognize early stages and other obscure phases of the 
latter type of the disease. The first pure case of myelogenous leuke- 
mia was described by Litten.* 

In the diagnosis of leukemia Ehrlich was able to find in the blood 
three chief signs : (1) Mononuclear cells with neutrophile granules, 
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(2) an increaMeJ number of eosinopbile cells, and (3) normoblasts or^l 
later, megaloblasts. I 

His conclusion that an increase of cosinophile cells, first noted by J 
Jaderlioltn and Scliwarze, is piithognomonie of the disease was sood 
relinquished. As shown by Muller and Rieder, it is not so much the 
increused numbera but the peculiar forms of eodinophile cells which 
are characteristic of leukemia, altliough their numerical excess is of^en 
of itself pathognomonic. The neutmphile myeliMiytes, as long l>efore 
claimed by Moaler, were therefore ag;ain accepted as the most important 
cell form. Through the contributions of Mosler,' Khrlich, Cornil, 
Muller,' Limbeck, Rieder, Troje, and many others, it was shown tliat 
these cells arc derivatives of the marrow and probably |)ecuriar to ti' 
blood of leukemia. The diagnostic importance of Cornil's large rayei^fl 
locytes with pale eccentric nucleus was established through the obseiva 
valiona of Kberth, Kisenlohr, Mosler, Litten, Hayem, and especially! 
of H. F. Muller. 

I^ater, it came to be recognized that neutmphile myelocytes are do-" , 
cusionnlly seen in small numt>ers in many other conditions. Conee- 
({uently there remained as a diagnostic feature of the blood only the 
presence of a targe proportion (»f myelocytes, and it was seen that the 
genuineness of some previously reported cases was open to doubt {r. g., 
Litten's). 

Absence of ameboid motion in the myelocytes of leukemia was cle- 
nionstrated by Biesiadeckl, Lowlt,' Hayem, Muller, Gilbert. Rieder, 
and others. That this loss of ameboid motion is associated with a loss 
of reproductive capacity was stated by Mayet.' A partial loss of ame- 
boid activity of other leucocytes was observed by Neumann and 
CavBfy, while J. Weiss does not admit any difference in ameboid 
properties of the white cells of leukemia and of other leucocytes. 

The discovery of iiuc/eated red eelln was followed by tlieir demon- 
titration in the blood of leukemic; cadavers by Krb, Bottger' and 
Klebft,' and in the circulating bliKxi by Neumann." The comparative 
absence of these cells in lymphcmia was first noted by Hayem, and 
verified by Wertheim, Rieder, and Dock. Megaloblasts were first 
distingu inched in leukemia by Khrlich's pupil Ulheman, and by Troje. 
Likewise the discovery of mitotic division of leuc(K'ytee by Flem- 
Hiing and Arnold led after a time to the demonstration of mitotic 
figures in the white cells of both the viscera and the blood of leukemia. 
(Arnold, 1884; Hayem, 18S!>; H. F. Muller, 188!).) 

ActUe kiiknnUi was first descril>ed by Friedrich in 1857, in a case 
lasting 6 weeks. Other rc|>orts of similar cases were added slowly, so 
that in 1889 Kbslein collected 10 cases lasting from 5-20 weeks, 
manv of which appear to have been of the lymphatic variety. 

The knowle<lge of the chrinivlrif of the blood has kept pace with tliat 
of the morphology. The first chemical analyses were those of Robert- 
son, I HTiO j Jtinuary), and of Parkes, while a few months later Strecker 
examined the blood of a case of Vogel's. I^ter important contribu- 
tions were made by Becquerel, Rubin and Sdnrfr. In these early 
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analyses the chief chemical alterations in the blood were fully indicated. 
The specific gravity of the blood was found as low as 1.036-1.049, that 
of the serum 1 .023-1.029. The iron was shown to be markedly dimin- 
ished and the proportion of water increased, with a loss of albumens, 
especially of the red cells. Scherer reported the isolation of several 
organic acids in considerable traces, and of hypoxanthin, a body pre- 
viously isolated from the spleen, while the presence of increased uric 
acid was demonstrated by both Scherer and Parkes, and later by 
Fowlwarckzny, Koerner, and Mosler. The later chemical analyses of 
leukemic blood and tissues have been contributed by Stintzing and 
Gumprecht, Limbeck,^ v. Jaksch, Salkowski, Bockendahl and Land- 
wehr, Freund and Obermayer.* 

Etiology. Age. — ^The histories of the earliest cases (Bennett) indi- 
cated that the disease may occur at almost any period of life. Later 
statistics showed that in the male sex the liability increases from 
childhood to the thirtieth or fortieth years, thereafter declining. In 
women most cases occur during active sexual life. In infants, cases 
have been noted from birth, but the few cases recorded in childhood 
indicate that this period is comparatively immune. Audeod observed 
the disease in 56 children ; in the Ist year 11 times ; 2-4 years, 12 ; 
5-9 years, 12; 10-15 years, 21 ; the majority were boys. Of 135 
cases collected by Ehrlich, Grawitz, Litten, 87 were males, 48 females. 

Heredity has figured in some remarkable cases but its influences can- 
not usually be traced. Sanger observed a leukemic infant bom of a 
mother who was healthy and remained so. On the other hand, many 
leukemic women have given birth to healthy children. The influence 
of direct heredity is rare. Casati cited the case of a girl of 10 years 
whose father and grandmother were leukemic, while Cameron observed 
a case in a woman whose grandmother, mother, brother, and two 
children were leukemic. Collateral heredity, the aff*ection of brothers 
and sisters, has been frequently observed. (Naunyn, Duret and 
Vaquez, Senator, Ortner, Casali, Greene, Eichhorst, Bemier.) 

Trauma has been demonstrated to be a direct exciting cause of leu- 
kemia in a large number of authentic cases. The traumatism has been 
applied directly to the spleen (Velpeau, Wallace, Mosler, Grawitz, 
Ebstein), or to the bones (Virchow, Grawitz, Mursick) in which case 
the myelogenous type commonly develops. The traumatism may con- 
sist in general concussion. Preexisting leukemia was thus rendered 
rapidly fatal in a case of Greime's. 

The significance of the alleged cases of leukemia following splenedomy 
will be considered under that topic. 

Intestinal intoxication has been urged as the exciting cause of leu- 
kemia by Vehsemeyer who believes that the failure of conversion of 
peptone into harmless albumens of the blood is the important causal 
factor in the disease. This theory was suggested by the frequency of 
gastro-intestinal disturbances and lesions in leukemia, and by some ob- 
servations of Kottnitz which indicated that in leukemia the gastro-in- 
testinal mucosa loses to some extent the power to transform peptones. 
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The effects of bad hyKiene have been traced in a large number of 1 
cases (Mosler), but no social position nor occupation distinctly predi»- I 
poses to the disease. 

Other diseases predisposing to or directly exciting leukemia hava I 
been reported as follows : 

8rPHiLiR, acquired and constitutional, especially in children, and ex- 
citing usually the myelogenous type ; by Steinbru^e, Frankel, Mosler. ' 

Malaria, either acute or chronic (Muller,' Gowers, Osier (:)3 per- 
cent)). Of 150 cases collected by Gowere, a history of previous 
malaria was obtained in 3'J, while in many the spleen had remained 
enlarged after the malarial attack. The disease has been attributed to 
diphtheria, by Orth, and to typhoid fever, smallpox, and pneumonia^ ■ 
by Gowers. 

Influenza has several times been reported as leadiug to acut« or I 
chronic leukemia. (Hinterberger, Frankel,' Litten.') i 

KACIIITI8, LATENT TUBEiurL^LOSis, and hypertrophic intestinal I 
lymph-follicles from chronic catarrh (oonstitutio lymphatica?) j 
have been noted, singly or combined, in many cases of mixed type IB' I 
children. (Mosler.') 

Stomatitis, ulceration of gums or tonsils, preceding or early a 
companying leukemia, have been reported by many observers (Ebstein, I 
HinterlJergcr) but are probably secondary lesions. 

The transformation of pernicious anemia into leukemia has been re- | 
ported in several cases. (NValdstcin, Litten,' Maaius and Francutte, 
Leube and Fleischner, Musser.) It does not appear, however, that 
any of these cases indicate a relation between progressive pernicious 
anemia and leukemia. They seem to the writer to be cases of leu- 
kemia in which tliere was a temporary reduction in leucocytes at the 
time of first obscr\'ation, or instances of marked terminal leucocytoeis. 
The case of Masius and Francotte, in a patient suffering from anchy- 
lostomiasis indicates that severe secondary anemia may predispose to 
leukemia. An apparently genuine instance of transformation of 
pseudo-leu kemiu into acute leukemia is reported by Mosler,' and Troje 
has maintained that pseudo-leukemia is pathologically a forerunner of 
leukemia. ■ 

The genuineness of many reported cases of leukemia following in-| 
fectious diseases, splenectomy, childbirth, anemia, etc., has l^eeii seri- 
ously doubted, and it has been agreed on uU hands that spurious cases 
have crept into the literature, especially l»fore the general employ- 
oient of Ehrlicb's methods and criteria. The recent demonstration of 
numerous myelocytes or lymphocytes in inflammatory leuoocytosis 
(Engel, the writ^'r, etc.), the extreme leucocytosis (1-2), observed by 
Sche<le and Stahl in osteomyelitis, and Musser's observation of a pro- 
portion of one white to f<)ur red cells in {>crnicious anemia, render it 
obvious that the diaguosls of acute leukemia in the absence of micro- 
scopical examinaliiin of the marrow, is often a hazardous undertaking. 

Inf«ctiotiB Origia. — The chief ground for a Iwlief in the infectious 
nature nf Itiikeniia is found in the rapidly fatal course of some acute 
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cases and their striking clinical resemblance to other undoubted infec- 
tious diseases. Actual contagiousness is suggested by the report by 
Obrastzow of an acute case developing in a hospital attendant six 
weeks after nursing another fatal acute case of the myelogenous type. 
Biological studies of leukemic blood have led to the reported demon- 
stration of bacteria and of other micro-organisms of undetermined 
nature. 

Bactekia. — Kelsch and Yaillard squeezed drops of blood from the 
fingers and isolated therefrom a diplo-bacillus which was pathogenic for 
mice. The same bacilli appeared in the vessels of the tumors. Pawlowsky 
claims to have found one and the same bacillus in six cases, sometimes in the 
blood, or in the viscera, especially in the liver. In the blood they were 
found mostly in the plasma. In cultures on glycerin agar the bacillus pro- 
duced a somewhat characteristic growth. Injected into rabbits this micro- 
organism could be identified morphologically in the blood for several weeks, 
but no symptoms of leukemia were produced. Although Pawlowsky believed 
he had discovered a specific microbe in the disease, he has not yet verified 
his results. Bonardi obtained cultures of Staphylococcus pyogenes aureus and 
albus from the blood of two cases of splenic leukemia. 

Inoculations. — Mosler and Westphal injected leukemic blood into dogs and 
rabbits with negative results. Bollinger with the blood, and Gilbert, Cadiot 
and Roger, with the leukemic tissues of diseased dogs, foiled to produce any 
significant eflects by injections into healthy animals. 

The injection of leukemic blood and of the fresh juice of the spleen into 
various animals was without results in the hands of Mosler and Westphal, 
Bollinger, Nette, Eiehenbush, and Muller.* Nette injected defibrinated 
blood under the skin, into the peritoneum, and into the veins of the ear, 
epigastrium, and marrow, with negative results. The juice of leukemic 
nodes was injected into animals without eflect by Troje, Litten, and Gilbert. 
Negative cultures of blood were obtained in acute cases by Ebstein, Roux, 
Westphal and Mosler, Guttmann, Mayet, Eichhorst,^ Pfeiflfer, Litten, and 
Sittmann. 

Micro-organisms of undetermined nature have been described in the 
blood, or in the leucocytes, or in metastatic deposits, or in cultures, by 
Klebs,2 McGillavry, Osterwald, Mayet,^ Roux, Bramwell, Fermi, and 
Klein. 

None of these writers has been able to follow up his observations. 

The observations of Mannaberg and of Lowit* point to the possible 
existence of protozoa in leukemic blood. 

In 8 percent of the lymphocytes of a case of lymphatic leukemia Manna- 
berg found hyaline bodies 1-4 /< in diameter, exhibiting ameboid activity 
such as is seen in the quartan malarial parasites. They failed to exhibit a 
nucleus by Romanowsky's stain, but after fixation in Hermann's fluid they 
stained well with safTVanin. 

In the peripheral blood and viscera in myelemia Lowit has recently re- 
ported the discovery of an ameba which he classes with the sporozoa and 
terms hemameba leukemite magna. In lymphemia he finds another somewhat 
diflerent ameba, hemameba leukemue vivax, which is scarce in the blood, but 
abundant in the viscera. In some mixed cases both amebss were present, 
and they were also seen in pseudo-leukemia and in v. Jaksch*s anemia. 
Lowit has found the same amebse in leukemic animals and claims to have 
transferred the disease from one animal to another. 

The method employed by Lowit in the demonstration of the parasite of 
leukemia is as follows : 
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The blooil smeared in a thin layer is heated 1-2 huura at IIO^-ISO" C. 
and stained one-half botirina concM^ntra ted watery solutiunof tbioniii. After 
thorough WBBhing in tap-ffat«r, and drying in air, the spcciinen is Iitid for 
10-20 aecondN in solution of iodine (I, 1; KI, 2; Aq. dpHt. 300), again wusheil, 
dried, and mounted in t>a]sam. The parasite in its various stages then 
Kppenrs green or olive green, or g^enish black, the bssophile granules and 
degenerated products of nudeua and eoU body bluitib red or brownish red, 
the protoplasm of leucocyies and their granules yellowish or yellowish 
brown. The blood smear must be thin. The solution of thionin should be 
several weeks or months old, long exposed to sunlight, and preferably i3on- 
taining a considerable growth of micro-organisms which seem to assist in 
" ripening" the stain. In the absence of an old solution good resulte may 
be obtained with a mixture of the thionin solution, 30 ; Locffler's methylene- 
blue, 15 ; hut the green color of the para8ite6 may be obscured by a difl^ise 
dark stain from the methylene- blue. The fading which ordinary prepara- 
tions sulTer within » few days may be avoided by mounting the specimen in 
balsam which ha? bt^eo mixed with a solution of iodine in xylol until th« 
balsam is of light yellowish color. 

Lnwit regards the greenish stain produced by his method as the speciflv 4 
reaction of the parasite, and flnds reason to believe that this color is assumed I 
by a substance identical with or closely relut«d to cellulose. 1 

Turk believes that the hemameba of Lowit is an artifact resulting from j 
the partial solution and deformalion of mast-cell granules by the actio 
wat«ry dyes. He claims to have found similar bodies iu the blood of hcallhjT I 
men and rabbits. 

Pathological Ohangea in the ViBcera. — Only the portiona of tbU ] 
extonsive snhjecl will here l)e considered which bear upon the patho- | 
genesis of the ilkcu^. 

KwTOW. — In the early stages of the leukemic process the lymphoid 
marrow exhibits a slightly lighter color und greater con^istoncc than 
18 rionnal. This change rcsulbi from a crlJiilnr hyperjilnnia , which 
obliterates blood ainuses, diminiahcs the blood content, and causes 
atrupby of fut cells. With this cellular hyperplasia of llie marrow of 
ribi*, vertebra, etc., there is an extension of lymphoid marrow throngh- 
oui the shafts of long bones where also the marrow appears firm and 
light colored. While in early stages the marrow may retain a fleshy 
tint, in advanced oases it is almost invariably very light colored and 
firm. In si^ime advanced cases sclerotic and degenerative pnx^sses 
may follow the celhilar hyperplasia, the writer having seen consider- 
able areas of connective tissue and foci of mutxtid degeneration in the 
marrow of old cases. 

In ocnte leukemia the marrow may be strikingly puriform in ap- 
pearance, though invariably less diffluent than pna. In one case of the 
writer's this resemblance to pus was so marked as to refjuire micro- 
scopical section t>efore the hyperplastic marrow of the femur could be 
positively identified. 

In myelogenous leukemia the alTection of the marrow has in alt un- 
doubted cases been distinct and if Litten's case can be accepted, as is 
doubtful, the leukemic process may he limited to the marrow. I>ube 
and Fleisirher (1881) attempted to prove the contrary by a ease show- 
ing a marke<l Icucocytosis (1— I'J) and dying of progressive gangrene, 
in which no hyperplasia of the marrow was found. In lymphoUo 
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leukemia it was early shown that the marrow may be very slightly or 
not all involved (Heuck/ Fleischer, Penzoldt), although in many such 
cases the usual extensive hyperplasia is observed (Muller). 

Hirschlafif has recently reported two obscure cases, one of which appears 
to have been an example of pure splenic leukemia with peculiar blood 
changes. In the other no distinct leukemic lesions were found in the vis- 
cera. Similar negative results at autopsy have been recorded by Eichhorst 2 
and by Ambros. 

The microscopical examination of the marrow in leukemia shows 
that the hyperplasia affects the variety of cells seen most abundantly 
in the blood. In myelogenous leukemia these cells are largely the neu- 
trophile myelocytes which are found in very excessive numbers, of 
very large size, and in mitotic division, or in various stages of degener- 
ation. In the same cases also there is almost invariably an excessive 
number of large mononuclear hyaline cells. Eosins and giant cells 
may long persist, but do not appear to take a prominent part in the 
hyperplasia. 

In pure lymphatic leukemia the lymphocytes alone are found in the 
hyperplastic areas (Muller^ and eosinophile and neutrophile cells are 
very scarce, but there appear to be all grades between the pure lym- 
phatic and myelogenous types of leukemia, in which the changes in the 
marrow corresjwnd in general to those in the blood. 

It is held by some (Ponfick, Mosler,^ Muller 2) that the leukemic process 
may at one period of its course affect principally the lymphoid structures, 
at another the marrow, so that the blood may at one time exhibit the 
changes of lymphatic, at another those of myelogenous leukemia. Fleischer 
and Penzoldt' 8 case illustrates such a variation. 

The red blood cells of the marrow are not greatly affected in the 
early stages of leukemia, as is indicated by the frequent absence of 
marked anemia, although in very cellular areas they are diminished in 
number from the first. Later, in chronic myelogenous cases the same 
changes are seen as in pernicious anemia, but the excessive numbers of 
megajoblasts are seldom so prominent. In some acute cases, especially 
those of lymphatic type, the writer has seen almost entire absence of 
nucleated red cells in considerable sections. 

The distribution of the lemon in the marrow of lymphatic leukemia is 
often very irregular. In an acute case the writer has found entirely 
normal structures in the ribs and femur while the usual hyperplasia 
was present in the bodies of vertebrae. Moreover the lesion, at least 
in its early stages, appears to be focal rather than diffuse. These pe- 
culiarities render it essential that very complete examinations should 
be made before it can be positively claimed that leukemia can exist 
without lesions in the marrow. 

Hirsch]aff, Kormoczi, and Pappenheim report cases of lymphatic leu- 
kemia in which the lesion was exclusively in the marrow, and Pappenheim 
holds that lymphemia is always of myelogenous origin. This view is appar- 
ently disproved by the case of Rosen feld's in which no change was dis- 
covered in the marrow. 



Liver. — Tim enlargement of tliis organ U usually referable 
presence of numerous metastutic growths, wliic-li follow the course c 
development described for all secondary leukemic deposits, and to ii^ 
filtration of capillaries with proliferating leucocytes. In myelogenoui 
leukemia the liver is seldom free from such deposits, but in the lym- 
phatic type the infiltratioD is usually limited to the portal canals and 
intralobular (^pillariep, although it may produce circumscribed tumors. 

It is of great interest to note that the liver in myelogenous leukemia 
gives evidence of having resumed it« embryonal function of developing 
red cells. Neumann and Heuck first called attention to the presence 
of considerable numbers of nucleated red cells in the hepatic capillaries. 
In Heuck'a case they were distinctly more abundant than in the gen- 
eral circulation. The resemblance of the leukemic to the embryonal 
liver is completed in the presence of mitotic leucocytes and giant ccIIb, 
08 de8cril>ed by Neumann,' Muller, and others. 

Spleen. — The pathological process in the spleen consists in hyper- 
plasia of lai^ and small mononuclear cells. These cells appear in 
excessive numbers throughout the pulp cords, while the limits of the 
Malpighiau bodies become less detined. As a result of this cellular 
hyperplasia the sinuses are choked with cells, and hemorrhages, in- 
farcts, degeneration, and necra<tes occur, which lead to a variety of 
gross appearances in the enlarged organ. 

Regarding the exact nature of the cellular processes it has been 
shown that in myelogenous leukemia, while tlic majority of the cells in 
the spleen are hyaline, yet neutrophile myelocytes occur in moderate 
numbers. These are generally regarded as derivatives of the marrow 
brought by the bloo<) stream, although Muller has once seen mitoris 
in a splenic myelocyte. Numerous giant cells are sometimes found, 
which Muller regards as originating in kIIu. For the increased num- 
ber of large and small lymphocytes the chief mode of origin must be 
mitotic division in gitu, especially in the Malpjghian IxMlies, as has 
been demonstrated by Muller. Along with this excess of colorless 
cells, the organ commonly contains an excess of blood, and the usual 
process of destruction of red cells may everywhere be observed. 

Nucleated red cells are visible in smears of splenic pulp in most 
cases of myelogenous leukemia. The writer has l>een unable to con- 
vince himself that they are more numerous than in the general circu- 
lation, or if slightly more numerous, that they are not mechanically 
sifted from the blood. Heuck, however, found them in the splenic 
smears when they were absent in the general circulation and concluded 
that the spleen in leukemia may resume its embryonal function of 
developing red cells. 

Following the stof^ of acute hyperplasia, comes a later period 
Diarked by continuous increase in the sin; of the organ, and great in- 
crease in oonsistency, owing to fibroid changes beginning in the 
trabeoula and often extending diffusely throughout the pulp. In such 
stages the cellular content is comparatively diminished without anjr 
apparent efTect upon the character of the blood. 
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In lymphatic leukemia the same course of events is observed, but 
the new cells are limited to the large and small lymphocytes. In this 
form of the disease the lymph follicles are apt to be enlarged. 

The general appearance of sections of the spleen in myelogenous 
leukemia, the congestion, the indiscriminate filling of sinuses with red 
and white cells, the destruction of Malpighian bodies, the prominence 
of fibroid changes, and the usual absence of areas of distinct leukemic 
deposits, strongly indicate that the enlargement of this organ results 
largely from mechanic sifting of red and white cells from the circulation 
and subsequent inflammatory changes. In lymphatic leukemia, how- 
ever, the proliferation of lymphocytes is usually very marked and the 
Malpighian bodies must be considered one of the most important pri- 
mary seats of the disease. In some cases it may perhaps be the ex- 
clusive seat of the primary lesion. (Cf. Hirschlaff, Rosenfeld.) 

Lymph Nodes and Other Lirmphatic Structures. — Swelling of the 
lymph nodes is one of the earliest of observed symptoms, having in 
some lympathic cases preceded all other signs for some months. They 
may reach a considerable size, that of a hen's egg, but seldom become 
excessively large. Their capsules are almost invariably intact unless 
ulceration occurs. The stage of cellular hyperplasia is succeeded, here 
as in the spleen, by one of fibrosis with diminution in the number of 
cells. 

In myelogenous leukemia the smears of lymph nodes yield almost 
the same appearances as those of the spleen, except for a relative ex- 
cess of lymphocytes. Neutrophile myelocytes are scanty, but here 
again Muller has found mitosis in myelocytes. On section, the out- 
lines of the lymph follicles are lost, and the tissue consists of a diffuse 
mass of mononuclear cells, large and small, resembling lymphocytes 
and often seen in mitotic division. In some cases distinct prolifera- 
tion zones appear in small foci where the multiplication of leucocytes 
is very active. 

Although the sinuses are usually choked and indistinguishable, yet, 
according to Birch-Hirshfeld, most of the lymph nodes of leukemia differ 
from those of pseudo-leukemia, in the fact that substances injected into the 
capsxdes pass through the leukemic node into the efferent vessel, but in 
pseiulo-leukemia the enlarged nodes are impervious. The writer has been 
unable to find in literature, or in sections and smears of nodes from 
his own cases, any constant microscopical differences distinguishing the 
lymphatic from the myelogenous type of the disease. In the former 
the small lymphocytes are rather more numerous, and of course the 
hyperplasia is usually much more marked. 

In addition to the lymph nodes, spleen, and marrow, all preexisting 
lymphoid structures may become hyperplastic, especially in lymphatic 
leukemia, and new growths of lymphoid tissue have been found of 
nearly universal distribution. From all of these localities new leuco- 
cytes are undoubtedly contributed to the circulation. 

Character of Metastatic Deposits. — Although Rindfleisch, Cornil and 
Ranvier, and Zeigler, held that leukemic deposts arise by mechanical 
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lodgment of increasing numbers of leucoeytos from the blood, Virclioir 
early niaiDtained that these deposits arise in eltu. It has since been 
shown that while the early mintite collections of cells arc while ceU 
Uirombi, the further growth of these masses takes place principally by 
mitotic division of these cells. (Bizzozero, Muller, and Neumann.) 
Bizzozero has pointed out that the striirture of these metastases closely 
resembles that of lymph nodes with reticulum and sinuses, and is not 
at all that of un indiscriminate deposit of blood cells. He found in 
such deposits quite as many mitotic nuclei as in similar nodules of 
metastatic carcinoma. I^cukemic deposits must therefore be regarded 
as conforming in many important respects to the laws governing meta- 
static neoplasms. 

The lymph nodes and spleen when affected exhibit an hyperplasia 
of the lymphocytes, whicli choke the sinuses, obliterate the follicles, 
and cause an overflow of these cells into the blood and probably also 
into the lymph stream. In lymphatic leukemia the new cells are of 
Bmall size; in myelemia the cells are either of small size or larger, and 
with a distant mass of protoplasm about the nuclei. The wriler has 
made several attempts to demonstrate neutrophile gninules in the cells 
of the lymph nodes in myelogenous leukemia but without success. 

In chronic cases, the stage of hyperplasia is regularly followed by 
one of fibrosis, which in the spleen greatly increases the size and oon- 
sistcnoe of the organ. 

Pathogfenesis. — Tlie conclnaions regarding the pathogenesis of leu- 
kemia which seem to Iw warranted from the foregoing review of the 
etiolf^y and pathological anatomy of the disease are to a large extent 
those formulated by Virchow and Neumann, whose original ideas have 
l>een partially readjusted from time to time to suit newly acquired i 
facts. ■ 

[jcukemia must now be considered a primary disease of the blood-* 
protlucing organs, prinei)mlly or exclusively afJTecling the marrow or 
the lymphoid structures. The essential process consists in un excessive 
hy|>erplasifl of the myelocytes or lymphocytes, or both varieties of 
blood cells, with secondary increase of leucocytes in the blood, secon- 
dary lesions in the blood-forming and other organs, and leading even- 
tually to disturbances in the prmluction of red cells and to ]>ernicious 
anemia. In the myelogenous type, the marrow and the neutrophile 
myelocytes are chiefly affected and the development of red cells is soon 
disturbed. In lymphatic leukemia the lymphoid stnictures (lymph 
nodes, spleen, lymph cells of marrow) are almost exclusively affected 
and red cell formation is less early disturlied. In many cuses the type 
of the disease is mixed, and it appears probable that the disease may 
principally affect one organ (the marrow) at one time, and another 
organ (the lymph nodes] at a later stage. In either case tlie spleen is 
affected secondarily by mechanical lodgment of leucocytes and red 
cells, ]irobably also by toxic chemical influences. In lymphatic leu- 
kemia thespU-en may take active part in the initial process and furnish 
many new lymphocytes to the blootl, but in myelogenous leukemia ItlJ 
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behavior is largely passive, and it seldom becomes the seat of true leu- 
kemic new growths but may as usual furnish lymphocytes to the blood. 
Pure myelogenous leukemia appears not to have been demonstrated, 
unless in some very acute cases, or in some reported cases of lymphemin. 

The importance of proliferation of leucocytes in the drcuUdion has 
been maintained especially by Biesiadecki and Lowit/ who believe 
that leukemia is a primary disease of the blood. While nearly all ex- 
perienced observers agree that leucocytes multiply to some extent in 
the circulation, there is almost equal agreement that the extent of 
mitotic division in the blood is inconsiderable compared with that in 
the viscera. 

The leukemic deposits of the viscera develop by proliferation of 
original thrombi of leucocytes, which under favorable conditions un- 
dergo active mitotic division, develop a supporting stroma and behave 
in essential particulars like true neoplasms, while probably continuing 
to furnish new leucocytes to the blood. 

The red cells during the early stages of myelemia suffer from the 
disturbances of development such as exist in chlorosis. In later stages 
red cell production reverts to the embryonal megaloblastic type, mitotic 
megaloblasts are seen in the marrow, spleen, and liver, and the changes 
of pernicious anemia are established in the blood. 

The theory that polynuclear neutrophile leucocytes are developed fVom 
lymphocytes met an insurmountable difficulty in the blood of lymphatic 
leukemia, and gave birth to a promiDent theory of the pathogenesis of the 
disease now maintained chiefly by Lowit. 

Lowit, representing the views of most of the early observers, believes that 
the essential process in leukemia is a failure of Aill development of mononu- 
clear cells (lymphocytes, myelocytes). This theory, the discussion of which 
has cumbered the literature of the subject to an enormous extent, becomes 
untenable since the lymphocytes appear to have no developmental relation 
to neutrophile cells. 

The partial resemblance of leukemia to a neoplasm affecting the 
lymph nodes, spleen, marrow, or blood, was early recognized and this 
theory of origin has been discussed by most writers and openly main- 
tained by Kottman, Bard, Herzfeld, and lately by Gilbert, who com- 
pares lymphemia to a sarcoma affecting lymphocytes. 

To what extent the origin and course of leukemia follows the laws 
known to govern neoplasms is an interesting inquiry which cannot here 
be pursued at length, but which may well be kept in mind. Accord- 
ing to such a theory it is necessary to suppose that lymphatic leukemia 
is a tumor originating in the lymphocytes, myelemia a tumor affecting 
myelocytes. 

There are, however, other tumors affecting lymphocytes, the lympho- 
sarcomata, which behave in a very different manner from lymphemia, 
in growth and especially in their metastatic characters. It seems not 
impossible, however, that all these differences may be referred to the 
involvement of the blood in the latter case and that all gradations ex- 
ist between lymphatic leukemia through pseudo-leukemia, to genuine 
14 



lymplio-sarcoma. The cases of lymphemia arising io the course ot 
lympho-sarcoma are here of great iiifercsl. —fl 

Changes in the Blood. n 

The bulk of blood is apparently little altered bv the uncomplicated 
leukemic process but in autopsies on chronic rases, tlie same diminu- 
tion in the total quantity of blood may be noted oe in pernicious 
anemia, and from the same cause. 

The color of the blood may in well-marked cases be entirely normal, 
as anemia is of slow progress. TTaually it is slightly lighter in color 
and more fluid, owing to pronouneed anemia aud great excess of leuco- 
cytes. The exuded drop has been described as lymphoid or puriform, 
but when properly exprcssetl, blood of such character must be ex- 
tremely rare. When the red cells are below one million and the leu- 
cocytes almost equally numerous the blood drop still resembles blood, 
though of very light color. When obtained in bulk at autopsy the 
blood coagulates slowly, the red cells settle to the bottom followed by 
a characteristic thick layer of leucocytes and fibrin, while the vorj- clear 
M-rum floats above. In the cadaver pure deposits of leucocytes re- 
sembling abscesses may be found in various situations often in the 
heart and pulmonary vessels. 

The coagnlAbUity is greatly diminished and may be entirely lost, but 
less often than in fatal giernicious anemia. 

To the ioiicli, the bhxHl may have a cohesive muctms quality, as 
noted by Grawitz. 

When leukemic bloo<I is smeared and dried on a glass slide it ex- 
hibits a jteculiar granular opaque ap)>earance which is readily identi- 
fied as belonging to a great excess of leucocytes. 

The Red Cells — Tn average chronic cases the red cells are usually 
reduced to 2-:i millions, falling to one million or lower in fatal cases, 
but not usually reaching the extreme nnluctions seen in pernicious 
anemia. On Iho other hand Otbot rejiortH a case with over •'i million 
red ceils, 134,000 white, Hb 78 percent. At death, the numbers of 
rod cells degtcnd upon tlic presence or absence of hemorrhage, and 
upon the length and character of the disease. There are no marked 
difTerenccs in the grade of anemia in Ivmphatic and myelogenous lea- 
kemia. 

Horpbological chanKea in the red cells are invariably present. In the 
average chronic cjtse the uniform loss of Hb in red cells showing nor- 
mal rouleaux and very uniform Bize and shape, with a rather free ad- 
mixture of nurmobl lists, gives to the stained blood smear a very 
peculiar and almost pathognomonic character. Possibly the abundance 
of leucocytes oontrols the movements of the red cells in the sme«ring 
process, but from some cause the appearance of the red cells in stained 
specimens of leukemic blood is very characteristic. (See Plate VIl.) 
At this early stage the normoblasts are frequently present in greater 
numbers than in anv other similar condition. 




^H 


^^LATE VU. ^^^^^^^^^^1 


^^^ 


^^^gg^ ^^B 


^^ 


^B 




•^.•^ft"^^ 






l»~ 


# 1 


^^^^l MyalogsnouB Leukemia, iTrlaeld Stain.) ^^^^^^B 


■ 


Nontitl •iicd trd «IU. dciidcnt in Kb. ^^^^^^H 


H 


Pe»-*h.pc(l ^^^^^H 


H 


Noimohlut. ^^^^^^H 


H 


Kyt\<xjWt (EhHich'i). ^^H 


^^B nc J. 


MtcImjIc iCornll's). ^^^1 


H 




^B 


EcHioophilc itn^KjU (■wnMl). ^^| 


^^r 


Blood piMei. ^^^1 


1 Ull 9. 


Lrmphocyte. ^^H 


to 


. Palrniu-lear Icui-iicjlc, nudrui •abdividcd. ^^H 



THE LEUCOCYTES, 211 

Later, the red celb begin to show the changes of more severe chlo- 
rotic anemia, differences in size and shape appearing, degenerative 
changes occurring with greater frequency and extent, till in many old 
severe cases, the features of pernicious anemia are fully established. 
Even in such stages, however, the appearance of the red cells usually 
differs distinctly from that of pernicious anemia, in the more uniform 
loss of Hb, and in the larger number of nucleated red cells among 
which a few are almost invariably normoblasts. Mitotic nucleated 
red cells are rare. In most other respects the same changes are seen 
as in pernicious anemia. 

Hemoglobin. — Estimates of Hb in leukemia are at present some- 
what unsatisfactory, owing to the opacity produced in the diluted 
blood by an excess of leucocytes. In the early stages of the disease 
the loss of Hb follows the reduction in red cells as in chlorosis, a 
diminution being demonstrable at times before any change in the num- 
ber of red cells, and the Hb-index remaining about .5-.6. Later, the 
estimates are untrustworthy, but the Hb-index probably rises. 

The Leucocjrtes. — The white cells are usually so much increased 
as to leave no doubt, from their numbers alone, as to the nature of the 
disease. In cases of very moderate severity there are usually from 
100,000-200,000 leucocytes; Cabot's average of first examinations in 
39 cases was 438,000. Rarely a million or more white cells are pres- 
ent in the cubic millimeter of expressed blood, but it appears doubtful 
if any such excessive number actually exists throughout the circula- 
tion. 

As a rule, the severity of the general condition is proportionate to 
the increase of leucocytes, except in acute leukemia, when the num- 
bers of leucocytes may not exceed that of inflammatory leucocytosis. 

Variations in the number of leucocytes may be observed at differ- 
ent periods of the day, as shown by Hayem, who found 122,500 at 
10 A. M., 235,000 at 4 P. M. of the same day. These rapid changes 
must be referred largely to vaso-motor disturbances leading to unequal 
distribution of cells, or possibly to a sudden, but temporary, increase 
of the leucocytes discharged from the marrow. Other variations in 
number of leucocytes will be considered under the course of the 
disease. 

Morphology of Leucocsrtes in Myelemia. 1. Neutrophile Myelo- 
cytes. — These are large m^rwnudear cells with neutrophile granules. 
It is of some moment to distinguish two varieties of neutrophile 
myelocytes in leukemia. 

(a) Cells of about the same size as normal polynuclear leucocytes, 
with well-staining, central nucleus, as described by Ehrlich and Uthe- 
man. These cells are abundantly present in leukemic blood and are 
generally the only form of myelocyte seen in secondary anemia. 
(Plate VII., Fig.*4.) 

(6) Cornil and H. F. Muller have called special attention to the 
large myelooyie with pale eccentric nucleus. This cell is not usually 
seen except in leukemia but in some other conditions, especially in the 
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secondary anemia of children, it may ap[>ear in moderate niiiubcr<. 
These cells have frequently l)een seen in mitotic diviwion. (Plate 

vn., Fig. .5.) 

As first shown by Mosler, and abundantly verified by later observers, 
the presence of large numbers of neutrophilc myelocytes is pathogno- 
monic of leukemia. In 2t* cases (chronic ?), Cabot found that belwi 
20-60 percent (average Sft percent) of all leucocytes present 
myelocytes. With the extreme leucocytosis of chronic leukemia then 
are nearly always enough myelocytes present to establish the diag 
sis as against any other condition that has yet been observed. 

In ac-utf, mi/cfot/fnoita Uukemia, howei-er, Utia rule may /ml and 
the jiuniiers and proportioiiB of vtyelocytat vuiy not exceed those teen 
Eiigel in fatal diphtheria. 

Of recent cases of acute leukemia in which the type of the disease was 
salia&ctorit; determined, Pranlcel (18196) could find only three of myeloge- 
nous type, the great m^ority being of Ihe lymphatic variety. In 1897 Ihe 
writer saw three CAses of rapidly fatal leukemia, verified by autogisies, nn(J 
all of the myelogenous type. They occurred in the services of Dre. Thom- 
son and Delafield at Roosevelt Boapiial . In two of these the changes in Ihe 
blood were from the flmt observatiou typical of the condition and Ihe mar- 
row was purifonn, while the spleen and lymph nodes were but slightly af- 
fected. In the third case, on the first examination, with a leucocylosis of 
ordinary inflammatory grade, 5 percent of the cells were with difficulty 
recognized as myelocytes. Eosinophilc myelocytes and normoblasts were 
absent, and there was then no sufBcient ground on which the diagnosis of 
leukemia could rest. Later the leucocylosis and the proportion of myelo- 
cytes increased and the diagnosiH of acute leukemia, made with reserve just 
before death, was (Hilly verified at autopsy. 

In this case, on account of the small number and indistinctness of the 
granules In the myelocyte*, as well as the moderate grade of leueocytoatiL 
the writer did not feel certain of the diagoosia until after the microscopical 
examination of the bone n 



Degenebativk Chanqfs in Myelocytes. — The myelocytes of 
leukemia are usually deficient, and vmy be rtUirely lacking, in neulro- 
phile granules. In the latter case they are indistinguishable from 
large lymphocj-tes except by the great pallor of tlieir nude! (triacid 
stain). Huch forms occur especially in acute leukemia. The nuclei 
of degenerating myelocytes may undergo hydropic degeneration. It 
is then practically impossible to determine the origin of these altered 
cells. (Plate IX., Figs. 1,2.) (Cf. Grawitz.p. 122.) Some very small 
mononuclear cells with neutrophile granules seen in leukemic blood 
Ehrlich regards as the result of subdivision of polynuclear leucocj-tes 
(neutrophile pseudolymphocytes). 

In the fresh condition myelocytes fail to exhibit ameboid motion, a 
character which is regarded by many as indicating a loss of further 
power of development. 

2. Polynuclear neutrophile leucocytes are excessively numerous in 
myelwyt hernia but are commonly found in diminishing proportions, 
though in increasing numbers, us the f>ercentage of myelocytes in- 
Cabot, using the triacid stain, found between 17-72 percent 
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Fig. I. Myelocyte deticii 
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Fig. 7. Myelocyte in mitotic division, ( Eoain and methylene blue.) 
Fig, 8. Eosinophile leucocyie. Some gtaniiles basciphilic. 
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of leakemia. Cocndera^'je rtri:i:c» i:i zu^. *lij>: i -izlh** «.«* zi^lj 
be noted 10 some cases of Leik.'^^^ 

3. EosiBophDe eeDa are oscillj n^.^ :j!r*aa*i .- z-i^-.t^r iz^ nj-rl:- 
cythemia but their pp>f<pnx-nff :•:• «L»tr i.^^ut :' >. rr.7->^ '!i:ci— ircly 
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proportions are not path-:teiK«n:->Q:y? 'Y :i>7 il^xrArr. • .: -. ..rfr —j^^ :v f- 

places their nnmbers between 3,*»'t-l •»-•». • f^r osc:.. tberec-y prao 
txcally demonstrating, as he originallr claimed, tr^: z'ae vxix-ss of 
eosins is among the pathognomonic si^s of the di«ea?€>. In <«3me s^vc- 
imens of blood the eosinophile cells vary greatly in size, some of them 
being very small while their neighbors are hypertiophio. A few larv^ 
basophilic granules may be found in the polynuclear as in the mouiw 
nuclear eosins of leukemia. These cells are activelv ameboid. 

In acute leukemia of both types and in chronic lymphocvthemia 
eosins are scarce or absent. 

EosiNOPHiLE MYELOCYTES aPC mononuclear cells with ei^inophile 
granules. 

In some of these cells the granules are of uniform size and staiiuiiir 
quality, or there may be some basophile granules among the tHwino- 
phile, or the granules may vary greatly in size ami in dcnnitv of »t«iu. 



in pernicious malaria of eosinophile myelocytes " such as are seen in 
leukemia." 

In Uic majority of csises of myelocythemia posinopliile myelocytt 
constitute a lai^e pro]x>rtion of all eosiiiopliile cells present. In lym- I 
phatic leukemia they are almost always absent, and in acute leukemia 
they are scjircc or absent. 

4. Lymphocytes. — The numbers ami proportions of lymphocytes io 
tayetocythemia vary in dilferent cases and at different periods in tlM J 
same case. It may still be stated as a rule that the more purely mye^l 
togcnous the disease the smaller is the proportion of lymphocytes. Bat* 
Mullcr has shown that the exact character of the leukemic process id 
the viscera is not always indicated by the changes in the blood, and 
that the greatest intensity of the process may be transferred from one 
organ to another. One must therefore be prepared to find marked 
variations in the proportions of lymphocytes without being able always 
to attach much significance to such changes. In most coses the lym- 
phocytes are notably diminished iu proportion while probably always 
increased in actual numbers, d^bot found an average of 10.6 percent, 
but when at their lowest {2 percent) they were still more numerous 
than in normal blood. 

5. Large mononncleur lencocytei with very faint cytoreticulum and 
vesicular nucleus arc seen in otmsiderable numbers in most cases of 
leukemia, but they ap[)ear to lack sjiecial significance. They are very 
apt to suffer damage in the smearing process and to appear in the dry 
specimen as large coarsely reticular nuclei without demonstrable cell 
body. (Plate VIII., Fig. 3.) These cells may contain granules giving 
the reaction of glycogen. The larger forms may show horseshoe-shaped 
nuclei. In the cases of acute leukemia, dcscril>ed by Fraukel and 
others, the majority of cells were large mononuclear leucocytes. 

Deoeneiiative ckaxoes are noted in the small and often in the 
large lymphocytes of leukemia. The nuclei of the small cells, instead 
of remaining compact, may become incurved and finally bilobed or tri- 
lolted, while the cell body remains basophilic. (Rieder, Ehrlich.) 
Litten describes,' in two acute cases, very large cells in which the 
nucleus was obscured by many globules of fat blackened by osmic acid. 
There are some other rei>ort8 of fatly degeneration of leucocytes in 
leukemia, but apparently none from very recent literature. Mitotic 
figures in lymphocytes of lymphemia are reported by Wertbeim, 

6. Uast-cfllls. — These cells arc very constantly increased iu chronic 
myek>genous leukemia, but in some ca^s a prolonged search is required 
for their discovery. Although occasionally seen in other conditions, in 
leukemia they are usually so markedly increased as to constitute a very 
reliable diagnostic feature of the blood. They are at times more 
abundant than the eosins. They arc usually absent in lymphemia and 
the writer has failed to find them in acute myelocytheniia. 

Strauss found 5 percent of mast-cells amimg the leuoocytes in blister- 
fluid from a case of myelogenous leukemia, and Milchner reiwrts 23.8 
percent of mast-cells in the sediment from ascitic fluid in a similar c ~ 






Figi, t. Small ItmiiliiKylci. 

Pig*. 3. Medium -lUcd iiid larBC lymplioc 

Fig. 3. DcK^neraline bajtkri-iiwpcd nuclcui of \at^e l)iu[tlnH.-yii>, a-iihi>ii 

Wig. 4. Polirnuclear leui^cicytr. Nodal puinU of cj'turctk'Uluin 

Hi. 5. R«l (fll |-olychf<ina>i> .^F Mar>uHat><. 
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Special Characters of the Blood of Ljrmphatic Leukemia. — In 

this type of the disease the lymphocytes are the only form of white 
cell appearing in the blood in increased numbers. In cases in which 
a positive clinical diagnosis is possible the nature of the condition is at 
once evident from the great abundance of these cells, but owing to the 
numerous other causes of chronic lymphocytosis, it is at present impos- 
sible to state what is the lowest proportion of such cells seen in the 
blood of genuine cases. In well-marked cases they are quite as numer- 
ous as the leucocytes of myelocy themia, while some of the highest counts 
on record have been reported in cases of this type. 

Usually the lymphocytes are of small size and normal structure and 
the writer has specimens of one very marked case in which almost all 
the leucocytes are small mononuclears. Their percentage commonly 
runs between 80-90. 

In rather rare cases reported by Frankel, Grawitz, Cabot, and 
others, and in one child observed by the writer, the great majority of 
the cells were unusually large and their cytoreticulum faintly staining. 
Between the two extremes are cases showing various proportions of 
small, medium-sized, and large lymphocytes. The small lymphocjrtes 
are usually more abundant in chronic cases and in adults, the larger 
celb tending to become prominent in acute cases and in children. 
Gerhardt refers to a case in which large lymphocytes, abundant in the 
early acute stage, were replaced during a chronic course of six months 
by small lymphocytes. 

Frankel believed that these cells could be regarded as pathognomoDic 
of acute lymphatic leukemia, but his claims have been fully disproved. 
(Grawitz.) Large mononuclear cells with hyaline bodies were common in 
the writer's cases of acute myelocythemia, and reasons have been g^ven to 
show that some of these cells may result from loss of neutrophile granules 
of myelocytes. Hirschlaff has recently reported 2 acute cases in which most 
of the leucocytes were large mononuclear cells without granules. In a 
moderate proportion of them neutrophile granules and in a larger number, 
eosinophile granules were noted. 

This variation in size of lymphocytes may have an anatomical basis in the 
structure of the hyperplastic lymph nodes, as in some cases these nodes con- 
tain mostly small lymphocytes ; at other times large mononuclear cell^. 
(Birch-Hirschfeld, Benda.) 

These and other considerations oppose the interesting view recently ex- 
pressed by Rosenfeld, that when the lesion of lymphemia is in the marrow 
many large lymphocytes appear in the blood, anemia rapidly develops, and 
the disease runs a severe course, while if the lesion affects only spleen and 
lymph nodes large lymphocytes are absent from the blood and anemia is of 
slow development. 

Myelocytes, both neutrophile and eosinophile, and mast-cells, are 
usually absent or extremely scarce in lymphemia, but are occasionally 
seen in scant numbers. (MuUer.) Polynuclear leucocytes, both neu- 
trophile and eosinophile, are also comparatively scarce. 

The red cells suffer the same changes as are seen in myelocythemia, 
but nucleated red cells are usually very scanty and may not be found 
at all. 



210 



LEUKEMIA. 



Variatioiifi in the Blood Ohanges in Leukemia. — Butli (lie num«] 
bere and the proportioDa of leucocytes in leukemia are siibjecl to o 
liderable variatioDS from many causes. 

1. IsTKRcrRRENT DiSKAiiii'». — A Considerable number of cases have^ 
been reported allowing that intercurrent infections may grofttly alUFa 
the appearance of the blood in leukemia. These cases have been ool-.j 
lerted by Frankel and Marischler, Froelich, Cabot, Kormowii, and" 
McCrae. Some of the reports refer to (eriniiial fcjiticj^mia whicli has 
resulted usually in a marked and rapid decrease of leucocytes, without 
great change in the proportions of the different forms. Frunkcl, who 
■BW the leuoocj-tes fall from 220,000 to 1,200, refers this result U> pure 
leuoocytolysis. Such casea have been observed aft*r typhoid fever, 
pneumonia, empyema, erysipelas, Bopticeniia, tuberculosis, carcinoma, 
etc., but distinct changes in leukemic blood do not invariably result 
from such intercurrent diseases. In cases where the infection la local- 
ized {empyema, erysipelas) the normal activities of the marrow seem to 
be stimulated, and while the leucocytes diminish the proportion of 
polynuclenr cells increases. {Freudenstein, Kovacs, Muller.') Kraus 
has recently reported a reduction of from 3911,000 to 4,000 leucocy t438 in 
a few days as tlie result of double pneumonia and empyema. The vi»- 
oera (marrow, liver, spleen) showed no evidence of leukemic infiltra- 
tiou, and Kraus suggests that the suppurative process had not only 
transformed the blood, but had resolved the essential visceral lesions 
as well. Usually, intercurrent infections diminish the volume of 
spleen and lymph nodes even when, as in MuUer's case, the leucocytes 
are increased. AHer the subsidence of the infection the blood soon 
resumes its original condition (Grawitx), or even l)efore the infection 
subsides, the first effect may pass off, as occurred in Eisenluhr's gmmJ 
within fourleen days. ■ 

Although no permanent improvement resulted in any cases sufTe ring fron 
Intercurrent infection«, several attcmpta have been made to favorably infla- 
ence the cotirae of leukemia by nnificial leucocytoeis. Jacob reduced the 
Iraoocytes from 850,000 to 282,000 in a few dtiyn by repeated ii^eclions of 
glycerine extract of spleen, but could not report any improvement in the 
patient. The Hame result was obtnined by Kichter using iqiermin. Kichter 
and Spiro claim to have increased iho leucopytea in leukemia from 170.000 
to 500.000 within 3 hours after i^jectlou of cinnamic acid, followed by 
prompt return to the previous (condition. Heuck* has also reduced the 
leucoi-ytoniit of leukemia by injection of tu1>crculiQ. In mild inHammatoiT _ 
processes there may l>e no eflect upon the leucocytee of leukemia, as indW J 
cated by the euaes of Richter and Heuck.' 

Ante-mortem lewoci/toak of considerable degree (172,000) was < 
served by Thorsch in a case complicated by pneumonia. In a cs 
lymphatic leukemia dying of septicemia Muller found, four days b 
death, 400,000 leucocj-tcs when there had previously been but 180,0 
A differential count was not made, but Muller regarded the i 
referable to a piiJifinu-tettr Ir-iieoci/toniti. 

Chronir mjvrtiona have much less effect in altering the ch 
leukemic blood. Quincke, and Stintztog, reported a general impi 
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ment of the leukemic process during acute miliary tuberculosis and 
during an exacerbation of chronic phthisis. 

In a case of lymphatic leukemia dying with carcinoma of the kidney, 
Marischler found a decrease of leucocytes from 96,000 to 48,000, with 
marked increase in the proportion of polynuclear cells. 

2. Spontaneous Changes in the Blood of Leukemia. — A few 
instances are recorded in which the disease, as indicated by the blood 
changes, was slowly transformed from one type into another. The first 
of these cases was that of Fleischer and Penzoldt who observed splenic 
leukemia pass into lymphatic. It seems possible that this case may be 
placed with others described by Frankel* and Grerhardt, in which lym- 
phatic leukemia began acutely with large lymphocytes but progressed 
more slowly with small lymphocytes. Wey observed a case of mye- 
locythemia in which, within ten weeks, the polynuclear cells fell from 
33.5 percent to 3.7 percent, the mononuclears rose from 66.6 to 96.3 
percent among which were neutrophile myelocytes, large hyaline cells, 
and a few lymphocytes. 

Gerhardt observed the blood of a case of leukemia of marked grade 
pass into that of pernicious anemia, the excess of leucocytes dbappear- 
ing in three days. The possible transformation of pernicious anemia 
into leukemia has already been discussed. 

Pseudo-leukemia has been shown to change into leukemia in several 
authentic cases. (See Pseudo-leukemia.) 

Chemistry. Specific Gravity. — The specific gravity of the blood 
is usually reduced owing principally to the loss of Hb. But leukemia 
is one condition in which Hb is often replaced by other albumens, so 
that the gravity of the blood is relatively high in comparison to the 
Hb-content, and in exact proportion to the increase of leucocytes. 
Thus Dieballa reports a case with 2.6 million red cells, 760,000 leu- 
cocytes, and gravity of 1.060. The lowest observations are placed by 
Grawitz between 1.029-1.023. The low figures are usually seen in 
cases complicated by hemorrhages or other causes of secondary anemia. 

Alkalescence. — ^The alkalescence of leukemic blood has been 
found by v. Jaksch, Peiper, and others, to be much diminished. Early 
observers found the blood distinctly acid soon after death (Scherer), 
probably owing to the post-mortem formation of acids, v. Noorden re- 
ferred the diminished alkalinity to the development of acids during life. 
Lactic and formic acids have been isolated from the fresh blood by 
Scherer, Mosler, et al., and acetic acid, after death only, by Mosler. 

Albumens. — Fibrin has been found in excessive quantity, 5.7 per- 
cent (normal .25 percent), by Parkes, but in chronic cases with severe 
anemia it is diminished. (Robin.) 

Peptone. — Considerable interest attaches to the demonstration, first 
by Bockendahl and Landwehr, of considerable traces of peptone in the 
splenic pulp and in the blood of leukemia. This observation has lately 
been verified by Mathes, who, however, has shown that the principle 
in question is not Kuhne's peptone, but deutero-albumose. Freund 
believes that the retarded coagulation of leukemic blood is largely ref- 
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emble to the presence of albumose. Tlie products of the cxeesai' 
destruction of leuincytt^s have been traced in the presence of their vari- 
ous derivatives in blood and urine. 

XucLEO-ALBUMKN has be«n isolated from the serum by Msthe*}! 
mucin or a closely-allied substance by Scherer and othent ; and a prio- 
ciple resembling glut«n by Salkowski. 

Xanthin bodies, which represent further decomposition- prod uctB 
of leucocytes, have been found in tlie spleeu and blood by Scberer aii4 
many others. The xanthin bodies of Kossel are more nliundant and 
more easily recognized in leukemic than in normal blood. 

Ubic acid baa been found in traces by Mosler, Fowlwarczny, Klem- 
perer, and Wcintraud. Ad excessive excretion of uric acid in the 
tirine of lenkemia lias often been observed, and Magnus-l^evy reported 
as high OS 8 gr. daily, but since the most abundant appearance of leu- 
cocyl<?3 need not indicate the time of their greatest destruction, thert 
is no parallel between the excretion of this principle and the excess of 
white cells in leukemia. (Minkowski.) 

An increased quantity ofoi.YCOOBS has been extracted by Sidnniou 
and by Grabritschewsky. The fat-extract has been found distinctly in- 
creased by Robertson, Isambert (.72 percent), and Frcund and Ober- 
mayer. 

TVRfOiS was isolated by Fowlwarczny, and lbi.tthin and ciioLBfr- 
TEKIJI from the blood of a hematoma by Freund and Obermaver. 

Of Inohganic I'Hiscii'LBi the iron has uniformly been found (U- 
minished (2.24-2.97 percent of ash) usually in proportion to the loM 
of Hb. (Strecker, Scherer, Freund and Obermayer.) 

PhotfiihoniA and siUpliur, and godiiini were much increased and potM^' 
mum and i-hlorine much diminished in Freund and Obcrmayer's' cas^ 
while the total salts were moderately increased. 

Oharcot-Leyden Crystals. — Robin first observed these peculiar cryi- 
tals in the tissues of a leukemic cadaver, and they were described by 
Charcot and Robin in 185:i. Zenker later (1850) claimed priority in 
their discovery. They were found in all parts of the circulation in a 
case examined after death by Wallace in 1 8.'».5. I^tcr they were care- 
fully studied by Cliarcot and Vulpian, who described them as color- 
less, refractive, elongated octahedra, .016 x .005 mm,, or occasionally 
of much larger dimensions, insoluble in cold water, alcohol, ether, or 
glycerine, soluble in hot water and in most acids and alkalis. After 
death they appear in tlie blood, exudates, and especially in the spleen, 
and their nuniliers iucrease with post-mortem changes in the tissues. 
Like most other crystals of post-mortem formation they are often seen 
in or ou the leucocytes. Their occurrence in sputum and relntiim 14 
eosinophile cells was pointed out by Charcot and I^yden. According 
to Neumann ' they arc found in leukemia only when the blood oou- 
tains many large cells with abundant cytoplasm and large nuclei, aod. 
hence arc not seen in lymphatic leukemia. Chemically tliey were re- 
garded by (Charcot as albuminates, by Salkowski as mucinous. Lately, 
Pohl has shown that they are identical with Bottcber's spermiD cnnl 
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which are a pi'oduct of the destruction of the nucleins of disint^rating 
cells, and probably consist of spermin phosphate. Scherer also con- 
cluded that they are composed of phosphoric acid and an organic base. 

They were obtained in the blood drawn during life by Neumann 
and later by many others. 

They are not peculiar to leukemia, but appear in the sputum of 
asthma, in feces and mucus surrounding intestinal parasites, and have 
been found in the fetal blood in simple anemia. (Gowers.) 

The Diasfnosis of Leukemia. — In no other department is the ex- 
amination of the blood to be interpreted with greater certainty in one 
case or greater reserve in another, than in its application to the va- 
rious types of leukemia. 

1. lUe changes in the blood niay yield positive diagnostic signs of 
leukemia. 

This result is obtained in the great majority of cases of both types, 
whether acute or chronic. 

These signs are briefly : 

In myelocythemia. — An excessive leucocytosis (150,000-1,000,000). 

A large number and considerable proportion of neutrophile myelo- 
cytes (20-60 percent). 

A large number of eosinophile cells (3,000—100,000) of which many 
are mononuclear and exhibit very large densely staining granules. 

An excessive number of polynuclear neutrophile cells. Character- 
istic changes in the red cells. 

To these may be added : The presence of many mast-cells, many 
nucleated red cells, mitotic nuclei in leucocytes, extreme and peculiar 
degenerative changes in leucocyte. 

In chronic lymphocythetnia, — An excessive leucocytosis (150,000— 
1,000,000). 

The presence of 85-99 percent of lymphocytes. 

Scanty numbers of myelocytes, eosins, nucleated red cells, and 
mast-cells. 

For the positive diagnosis of either type of the disease the essential 
point is the excessive leucocytosis, at least 150,000 cells, of which a 
considerable proportion are myelocytes or a still higher proportion are 
lymphocytes. 

No other condition thus far observed yields such characters in the 
blood, in the presence of which the diagnosb of leukemia is established 
beyond doubt. 

2. The changes in the blood may justify only a probable diagnosis 
of leukemia. This situation is encountered under several conditions. 

(a) In myelocythemia, the effect of intercurrent infections may so 
reduce the number of leucocytes and especially the proportion of my- 
elocytes that the blood does not differ from that of some cases of acute 
inflammatory leucocytosis with 5-16 percent of myelocytes. (JWpA- 
theria (Engel), pneumonia (Turk).) 

(6) In the less marked stages of lymphocythemia, especially of the 
acute form, the number and proportion of lymphocytes may be far from 



iti» 



LEUKEMIA. 



characteriBtic of leukemia. WKen there are less than loO,0(X) while 
oelU and lees than 90 percent of lymphocytes, the condition of tb« 
blood does not differ from that seen in some forma of inflammatory 
leu<xKytosis, or of lymphocytosis in tlie secondary anemia of children, 
or of the obscure condition called " v. JakscL's anemia." In inflam- 
matory lymph my tosis, however, there are always a fair proportion of 
polynuolcar leucocytes, which are very scanty in lymphemia, and the 
lymphocytosis is usually transient. 

In secondary anemia the lymphocytosis is seldom excesuve, the pro>' 
portion of lymphocytes is usually lower, and a few myelocyte*, eosi 
and nucleated red cells are commonly present. 

In " V. Jukech's anemia" the lymphocytes are usually less oume^ 
ous, there are more large hyaline mononuclear leucocytes than art 
usually seen in lymphemia of equal chronicity, and myelocytes, eoeins, 
and many nucleated red cells, are usually present. 

Prankel bos cloflsed as ucute lymphemia certain obscure cases atteRd«4 
witb moderate hyperplasia of lympb nodes and tbe presence in tbe blood of 
a considerable uumber of cells regarded by some as large lymphocytes. 
Fraakel's coses have not been fully accepted by bis couutrymen, and 
Grawitz especially has sbowo that the above condition of tbe blood \a not 
pathognomonic of lymphemia, while Benda has paved the way for the divi- 
sion of these cases into other categories, including acute myelocythemia. 
Frankel's oases may belong in the class of lympbocythemia, but tbe coudi- 
tion of tbe blood is not characteristic and tbe result of his autopsies is in- 

3. In some stages of leukemia Ihe blood may fail to /niitiiih int 
Hotu of the nature oftJic dutetiM, which may then be overlooked, 

(«) Intercurrent infections have been shown to temporarily trans- 
orm the blood of leukemia into that of inflammatory leucocytot 

(i) In a ease of acute myelitcytheniia, with the disease fully estab- 
lished, the writer found on first examination 5 percent of myelocytes 
with a leucocytosis of ordinary inflammatory grwie. liater the myelo- 
cytes increased to the lower limits of leukemia, but a [wsitive diagnosjs 
was not established until the marrow was examined microsoopically. 

(c) Most writers agree that the early stages of leukemia often escape 
detection, and that many spurious (ases have appeared in HteratUMr. 
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CHAPTER IX. 
PSEUDO-LEUKEMIA. 

Definition. — Pseudo-leukemia is a primary disease of the lymphatic 
structures, characterized by progressive enlargement of various chains 
of lymph nodes and of the spleen, by metastatic growths of lymphoid 
tissue in many localities, and by progressive anemia, but differing from 
leukemia chiefly in the absence of marked leucocytosis. 

The disease does not belong with affections of the blood, but on ac- 
count of its pathological resemblance to leukemia, is properly described 
in this connection. 

Historical. — The first attempt to demonstrate the specific character 
of the lyraphadenopathy of the disease appeared in 1828 when Craigie 
called attention to the difference between certain firm tumors of lymph 
nodes and the caseating scrofulous and the cancerous enlargements. 
In 1832 Hodgkin described several cases observed chiefly at Guy's 
Hospital, some of which were cancerous, tuberculous, or syphilitic, 
but two of which were undoubtedly genuine examples of pseudo-leu- 
kemia. He distinguished the '* organized " nodes from the caseous 
and cancerous ones. 

Before the discovery of leukemia therefore it was known that there 
are enlargements of the lymph nodes apart from cancer and tuberculo- 
sis. In 1839 Velpeau drew attention to the occurrence of hypertro- 
phied lymph nodes apart from scrofula. In 1856 Wilkes described 
several cases which he regarded as a special form of disease of lymph 
nodes but did not fully distinguish the lesions from those of tuberculosis. 

The first complete description of the malady appears to have been 
that of Wunderlich, 1858, who noted an idiopathic origin of the dis- 
ease, and the cellular character of the new growths in both nodes and 
spleen, mentioned the severe anemia, and called attention to the ab- 
sence of the extreme leucocytosis which characterizes leukemia. In 
the same year, 1858, Billroth described the histological structure of 
the enlarged nodes, noting the limitation within the capsule, the oblit- 
eration of follicles and of lymph sinuses and vessels, the proliferation 
of cells by nuclear division, and concluding that the hyperplasia is 
closely related to and may pass into sarcomatosis. Recognizing in the 
condition a tumor of lymph nodes of fatal tendencies but differing 
from sarcoma, he employed the term '^ malignant lymphoma " as spe- 
cially applicable to this condition. In 1864 the general pathological 
features were described by Virchow under the term " lymphosarcoma." 
Cohnheim in 1867 described a case, and noting especially the absence 
of leucocytosis suggested the term " pseudo-leukemia." 

The nearly constant affection of the spleen was noted by the earlier 
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olwervere, Wilks, Woillez, Griesingcr, Muiler, and Stnimj 
prominence of tliis symptom in some cases led Grieslngei 
the term " splenic anemia " for such forms of the malady. 

In France BonJils describc<l a case in 1858, using tlie designatit 
" (wrAwrie tKuut Inikaiiia " on uccouut of the absence of lencocytosis. 

A few other examples of the disease were reported Ixifore 1 865 wbea- 
Tronsseau described ia detail the clinical characters and proposed the 
term " adenia." French writers from Tnmssean to Gilbert have 
regarded the condition as very closely related to or identical with leu- 
kemia, employing the term " lyinphademe aleiikniiUjuf,'' 

In 1870 a full description of the disease, clinical and jMitliulogica], 
with historical notes to date was published by Miirchison iiiid Sander- 
son. C'omil and Ranvicr in 1867 very fully described the histidogicul 
structure of the nodes, regarding the process as a true lymphadenoma. 
In 1887 Ebstein' described an acute form of the malady. liatcr 
writers have described similar cases possibly including among them 
some conditions not related to ))sendo-leukemia. (Banti, Potain, Brnhl.) 

The [teculisr localization of the lesions to ditferent structures has 
been illustrated in many reported cases. Bontils and Trousseau showed 
that the spleen need not participate at all in the lesion. A s|)ecial 
affection of the tonsillar ring was described by Demange, and of the 
intestinal mucosa by Gilly, and later by many others. A testicular 
form has been described by Monod and Tcrillon. A case of U< 
berg's indicates that the lesion may be lindtcd tu the marrow. 

Many have regarded the unrmUt In/imtum jjunKlo-leitkemiea of 
Jaksch as the splenic form of Hodgkin's disease occurring in an infant, 
(Lujset, Gilbert.) 

The (ieitanl type of the disease has been described by many write) 
including Biesiadecki, Kaposi, Hochsingcr and SchifiT, and Joseph, ' 
appears to have been first described in France, by Gillot, 

Anatomical Characters — The lesions in reported cases of 
diaciise have included inHHmmatory hyperplasia of lymph nodes, lym' 
phndemima, and various forms of sarcoma of lymph nodes. 

1. Simple inOammatoTT h7p«rplaaiaB have been described in genuine 
cases in sliplilly swollen f^lands, not yet reached by the true lymph- 
adenomatou,-4 pnx'cs,". (Gowers.) 

2. Lrmpbadenoma or Lymphoma. — In the majority of (^ses the lesions 
encountered in the nodes are those of lymphadenoma, i. <>.,tbe auton- 
omous growth of lymphoid tissue with small lymphocytes supported 
by reticular connective tissue. 

lu the typical chroaie cases one lympli node in a chain ia affected, fol- 
lowed by the other membera of the chain, or the entire chain is affected 
■imultftneously. The diseaiie seldom Hpreods by gradual exiensioDs Crom 
one chain to onuther, but suddenly involves a new chain on the Hume or 
oppodite sides of the body. Sarcoma of lymph nodea affects the intervening 
linsueii 1>ctwGen chains of node«. For a long period the swollen nodes are 
retained in their capsules, but late in progressive canes the memlurs of the 
chain ore variously fbsed and their capsules largely obliterated. This f\tBion 
may mult cither fh>m rupture of the capsules or from periadenitis. 
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Microscopical examination shows the new tissue to be comiiosetl of 
lymphocytes supported hy reticular tissue. There are ponaidernble 
variations in the character both of the celts and the reticular tiaBtie. 
The cells arc usually lymphocytes of small and medium size, among 
which are a few jmlyuuclear leucocytes and occ^oimlly (Goldman, 
Kanter) eosinophile cells. They nre either diffusely distributed, or I 
the normal follicleB may be preserved for a loug period. In the early 
stages, or in less active growths, the lymph paths are preserved, but 
later are obliterated. The reticular tissue is frequently less abundant 
than in the normal node, later a diffuse fibrosis occurs and the propor- 
tion of cells diminishes. The varying proportions uf cells and tissue 
yield soft and cellular or hard and fibrous growths. The latter is 
probably a later stage of tlie former condition, but all stages are com- 
monly seen in different nodes of the same subject, and dense nodes are 
said to have been replaced by softer ones. (Gowers.) There is little ' 
tendency in these structures toward caseation, or suppuration, or hya- | 
line changes of chronic tuberculosis. 

The lymph nodes of pseudo-leukemia may not diSer in microscopical 
structure from those of lymphatic leukemia in any known particular. 
In myelogenous leukemia the lymph nodes commonly show a diffuse 
growth of larger mononuclear cells. According to Birch-Hirschfeld ' 
the nodes of leukemia can be injected through afferent vessels and the 
fiuid will pass through into the efferent vessels, while in pscudu- leukemia 
the injection is imjxirfect and fluid fails 1o \ra&a through. Attempts to 
demonstrate lymph vessels alMiut pscudo-Ieukemic nodes have often 
failed (Billroth) but sometimes they are found distended with lymph. 
The occlusion of lymph paths may prevent the afflux into the general 
circulation of cells from lymph nodes, but it Btill remains au obscure i 
fact that the very abundant and unusually diffuse lymphoid deposits | 
in the viscera fail to cause lymphocytosis. 

3, LTmphosarcoma. — In many cases, especially of more acute type, 
the lymph nodes in the group are fused together, capsules and sur- 
rounding structures are infiltrated and destroyed, different chains are 
united by a continuous growth, and the process has all the gross char- 
acters of a malignant tumor. Such nodes show no traces of sinuses or 
follicles but are composed of a diffuse growth of cells usually larger 
than lymphocytes, often containing giant-cells, and sometimes masses 
of fusiform cells. 

Two views are possible regarding the classification of such growths. 
One may enlarge the scope of the terra pseudo-leukemia to include 
lymphosarcoma or may throw out such cases of lymphosarcoma and 
limit the application of the term to the lymphadenomata. lu the 
present state of our knowledge, there appears to be no escape from the 
former alternative. There appear to be all transitional forms between 
the chronic lymphomata and the rapidly growing infiltrating giant- 
oelled lymphusarcomata. In at least one case it has been possible to 
observe the transformation of pseudo-leukemia into sarcoma of lymph 
nodes. (Eisenmenger.) Moreover, of the cases of pseudo-Ieuker 
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wliich have jiassed into leukemia some have sliown the Iiistologioi 
fltructiire of giant-ccUeil lymphosarcoma. There remains as r sopan 
class of saroonia of lymph nodes, the spindle-celled sarcomata or em 
theliomata, which arise from the reticular stroma. 

Acate Pseudo-leukemia. — Various acute and fatal processes offl 
somewhat uncertain nature have been classed with pseudo-leukemia. 

1. That true pseudo-leukemia may rmi an acute course appears from 
the reports of Cohnheim, Eberlh, and Falkenthal, in which the disease 
lasted from II days to 4J months, and in which microscopical exami- 
Dation showed the presence of lymphadenomatons hyperplasia of the 
Dodes and metastatic growths in the viscera. These cases occurred in 
children under 15 years. 

2. Chronic psendo-leukemia may suddenly assume a grave character 
and prove rapidly fatal from the ulceration of enlarged lymph follicles 
in the intestines, aa first shown by Berthenson's cases, and now not 
infrequently verified at the autopsy table. 

3. Acute lymphosarcoma may run a rapidly fatal course and lead 
to changes in the viscera which are very similar to those of pseudo- 
leukemia. Fagge collected several cases to illustrate this fact, but 
their real nature is not always apparent, and the micruscopical re]xirts 
were meager. They were all attended with purpuric symptoms. 

The most rapid cose of lymphosarcoma that the writer has seen laHted four 
months. The nodes showed a difTiisc growth of mouoaudear cells much 
larger than lymphocytes and few giant cells. There was prompt recuirCDce 
of the tumor in loco, rapid metaatases, marked anemia, and no leucoeytosis. 
MuL'h moro i-apidly fatal caaea have be«n observed, while Birch. HirBchfe.ld's 
caae of true Hodgkin's disease following tj^phoid feyer was fatal in 6 weeks. 

Relation of Pseado-leokemia to Leukemia. — The identity of the 
process in the lymphoid tissues in pscudo- leukemia and leukemia is 
strongly indicatnl by the histological features already descrilx'd. 

The process in the former condition differs from that in the latter 
in the occlusion of lymph vessels, in the more diffuse and abundant 
metastatic growths, usually in the more rapid development, often in 
the tendency to infiltrate and rupture the capsules, in the lesser ten- 
dency to retrogressive changes, and in the more frequent transformatioo ■ 
into giant-celled lymphosarcoma. ■ 

Pseudo-leukemia may, it is claimed, lead to the same changes iu the ' 
marrow as are seen in lymphatic leukemia. (Perrin, Schuls, Dyren- 
futh, Kelch, Ponfick,' Schmuziger.) 

The trass I--ORMATION OF PSEr DO LEUKEMIA INTO LEUKEMIA has 

been reported in several cases. Most of these on examination prove 
to be of uncertain nature or were undoubtedly instances of terminal or 
moderate temporaiy leucocytosis in the course of some disease of the 
lymph nodes. Only three of these casea appear to be genuine, and all 
refer to the appearance of estreme leucocytosis during the course of 
pscudo-1 e n k cm i a. 

Mosler reports an acute case in n ehild of 14 yean, whose blood a few 
the onset of the disease showed no leucocytosis, while about 
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three weeks before doath (he while cells were as iiumeruus as the red. The 
varieties of cells were not stated. Senator hna reported a ca»e of trans- 
furmalioii of v. Jukscb's anemia into leukemia. The case of Fleischer and 
Penzoldt is the most sigoiiicaiit. Their patient was a mivle of 40 years who 
suffered from enlargement of many lymph nodes for Iti mouths hefore death. 
Four months after the beginning of the illness there was no leucocytosis, but 
after 12 months there was one lymphocyte to eight red cells. The spleen 
was moderately enlarge*], the lymph nodes extremely large ; there was dif- 
fuse lymphoid iuBltration of the liver, but the marrow of the femur waa 
uormal. The mierofii-opii'al slruclHre of the nodes wii8 not reported. 

It thua appears that tlie etatemeot that pseudo-leukemia may paaa 
into leukemia rests upon the observation of one undoubted caae only, 
in which the report meets present requirements, and that one was pe- 
culiar in other respects. The more recent case of Posselt is an ap- 
parently genuine example of fbe same trnnsformatiou but the clinical 
history ia meager. The remarkable case of Lncke's, of lymphosarcoma 
with rupture into a vein and development of lymphatic leukemia a 
also of interest in this conuection. One must therefore accept with 
considerable reserve the opinion that some forma of pseudo-leukemia 
represent an aleukemic preliminary stage of leukemia. The vast ma- 
jority of cases of pseudo-leukemia pursue a chronic course showing no 
tendency to develop leukemia, and recent experience docs not support 
Rothe's belief that early pleurisy and pneumonia carry off many cases 
of pseudo-leukemia l>efore the leukemic stage has had time to appear. ' 
Eisenmcuger reports a case of pseudo-leukemia which, after pursuing 
the ordinary course for four years, develoj)ed malignant tendencies in- 
filtrating surrounding tissues and perforating the larynx. The pres- 
ence of 90,000 leucocytes in this case would have led many observers 
to suggest the presence of lymphatic leukemia as well. 

Eelatdon of Fseudo-leakemia to Pemicioua Anemia. — Kuneberg ' 
reported a case showing pernicious anemia, which he regarded as an ex- 
ample of purely myelogenous variety of pseudo-leukemia, on account of 
the lymphoid changes in the marrow. The transformation of perni- 
cious anemia into pseudo-leukemia was claimed to have occurred in a 
case described by I^aaohe, and there can be no doubt that the marrow 
in some cases of jwruicious anemia greatly resembles that of pseudo- 
leukemia, as first noted by Scheby-Buch, and Pepper, On e\ndence of 
this sort Sevestre suggested that all cases of pernicious anemia fall in 
the class of pseudo-leukemia but this view cannot be supported on either 
cltuical or anatomical grounds. 

Relation of Pseudo-leukemia to Tuberculosis. — That cases of 
tuberculous lymphadenitis cannot always 1)0 distinguished clinically 
from pseudo-leukemia was early rect^nized, and so commonly observed 
that the scope of the disease was by some widened to include such 
oases. Many of the cases of so-called chronic intermittent fever with 
Bwelling of lymph nodes described by Pel, Ebstein,' Renvers, and 
many others, probably belong in this class, as shown by Combemale. 

The exact significance of these cases appears not to have been sus- 
pected until Askanazy in 1888 demonstrated tubercle bacilli in the 
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swollen nodes of such a case. In most of the e-ases in which i 
BOopical examination of the nodes was reiwrtwi there were distinct 
evidences of tuberculous inflammation, in the presence uf miliary 
tubercles, or caseous foci, or at least abundant hyaline degeneration, 
and often there was a general tuberculosis (Deiaficld), but XV'aetzoMt's 
case furnish^ some nodes showing pure lymphuiil hypcrjtla^ia, with 
only very scanty and minut« foci of hyaline material, althouf/h fonlain- 
iiu/ iiianif iiiberAt btwilli in wvlwiu. Finally Brcntano and Taiigl ha%'C 
described a chronic case in which, with tuberculous lesions in other 
regions, the lymph nodes showed no recognizable evidences of tuber- 
culosis, not even minute hyaline areas, nor bacilli in section. Jiioa^ i 
laiion experimeHlK, hoireriT, 'lciiion«tratttl flic liilirrntloiui naliire of (Acfl 
procem. Sabrazes has rejwrted a similar case. I 

On this evidence, of which further conlirmation appears desirable, 
it is necessary to admit either that (l)tul>erculuBia of lymph nodes may 
follow the most typical course of acut^ or chronic pseudo-leukemia, or 
(2) that one form of pseud o- leukemia is tuberculous, or (3) that tuber- 
culosis and pseudr>-leukeniia may co-exist. It is evident also that mi- 
croscopical examination of lymph nodes is not a sufficient test of the 
tuberculous nature of lymphomata, and that the entire subject re<iuire8 
readjustment on the lines indicated above. 

That all cases of pseudo-leukemia are not tuberculous, however, is 
shown on tliis same basis hy the negative results of inoculation ob- 
tained by Wcstphal, Srii>Ia lunl f'nrta, and others. 

Infectiotis Origin of Pseudo-leukemia. — Acute or chronic, non- 
tuberculous, ii'Jlfii'iiiiiih>rif h'j/»r}'liiniii of lymph nodes may reach such 
extreme degree a;- to rfsoiiibic the comlition found in jiseu do- leukemia. 
The reported cases of this cliaracter are uiiroerous, and have ari.seD 
from a great variety of infections, as from carious teeth (Ebstein,* 
Stengel), quinsy ^Ponfick^), ulcerative pharyngitis (Chvostek), typhoid 
fever (Bireh-Hirschfeld"). Other cases have been referred to otitis 
media, chancroid, eczema, etc. The writer has seen more extensive 
lymphoid hyperplasia in the intestine in typhoid fever than existed in 
two cases of pseudo-leukemia dying with intestinal ulcerations. 

Microscopical examination, where rejmrted, has shown that the hy- 
j>erplasia of nodes is inflammatory in character and not lymphoraatous, 
as in the cases of Liannois and Courmont, while metastatic growths are 
wanting. Many of these cases have resembled purpura hemorrhagiM, 
as pointed out by Kossler and regarded by him as evidence of infec- 
tious character. 

Lannois, Courmont and Guillermet isolated pyogenic cocci in their 
cases. The occurrence of these febrile forms of the disease and its fre- 
quent <levelopraent after many cases of suppurative inflammation, eape- 
Gtally of the mucous membranes, early suggested the idea that pseudo- 
leukemia is, in all instances, of infectious origin. This view was 
reached by Westphal after a full review of the subject in lR!):i, and 
has since l»ecn maintained by Barbier, Verdelli, and others. Verdelli 
collected fifteen cases of pseudo-leukemia in which the presence of pyo- 
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genie organisms was demonstrated in the blood or lymph nodes, viz., 
Staphylococcus pyogenes aureusy 7 times ; Streptocoocus pyogeneSy 3 
times ; pneumococcus of Frankel, once ; unidentified cocci or bacilli, 
four times. 

Barbier refers the failure of suppuration in these cases and the nega- 
tive results of some inoculations to a diminished virulence of the germ or to 
relative insusceptibility of the individual. This accumulating evidence points 
to the possibility of separating from true pseudo-leukemia a considerable 
gp-oup of inflammatory hyperplasias of bacterial origin. At the same time it 
must be admitted that the micro-organisms in some of the above cases were 
probably the cause of secondary infections only, and there are opposed to 
these positive results of culture a number of negative reports. 

It may be added that Lowit claims to have found the hemameba 
leukemice magna in a case of pseudo-leukemia. 

Summary of Etiology. — It thus appears that the group of cases 
now regarded as falling in the class of pseudo-leukemia passes by in- 
sensible gradations at one point into the inflammatory hyperplasias of 
lymph nodes, at another into the true lymphosarcomata, and at another 
into lymphatic leukemia. 

The field may undoubtedly be greatly simplified by invariable resort 
to inoculation to demonstrate the presence or absence of tuberculosis. 
These and all other cases of inflammatory origin should be separated 
from the genuine disease. There remains a considerable number of 
cases in which the clinical character of the disease and the microscop- 
ical structure of the nodes resemble those of sarcoma. It seems best, 
as suggested by Kundrat, Dreschfeld, and others, to separate such cases 
also from the others, although the distinctions between frank lympho- 
sarcoma and pseudo-leukemia are not sharply drawn, and transitional 
stages occur. (Sharp.) Likewise the increasing number of apparently 
authentic transformations of Hodgkin's disease into lymphatic leukemia 
strongly suggests a close relation between these two conditions. The 
evidence at hand seems to throw lymphatic leukemia, pseudo-leukemia 
and lymphosarcoma into a single group possibly connected by some 
common etiological factor. 

The Changes in the Blood. 

Red Oells. — It is a uniform observation that in the early stages of 
pseudo-leukemia the anemia may be very slight. The red cells fre- 
quently number five millions or more, when the nodes are distinctly 
swollen. With the progress of the lesion there is usually a progressive 
loss of red cells, which, however, is less marked than in corresponding 
stages of leukemia. In fatal cases there may be surprisingly little 
anemia, usually the cells fall below three millions, and occasionally the 
condition of the blood resembles secondary pernicious anemia. In 
acute cases the anemia may rapidly increase, and the disease resembles 
a septic infection or a malignant new growth. 

In morphology the red cells usually show the changes of simple secon- 
dary anemia of chronic course. Laache has called attention to the 
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very iinifbrin size of the red cella id the average caee. In some of tin 
writer's cases the cells have been very uniforml)' undersliied. LaterJ 
megffllocvtes deficient in Hb may appear, but they are aeidoni nunieroiu,J 
and do not lead to confusion with pernicious anemia. Lftuclie also r 
ports an obscure case rt^rded as ehowiug the transformation of pernt- I 
cioufi anemia into pseudo-leukemia. 

Niuyleaiftt rtd ti-IU are usually very scarce, even in late stages, and'fl 
when present are usually of moderiite dimensions. Jawein reports a 
obscure case of splenic type, and afebrile course, in which there wera'l 
3,«40— 5,91 4 normoblasts. The condition of the blood resembled ihA \ 
of von Jaksch's anemia, but the patient was au adult. 

Tbe Hb is in ull cases diminished. A low lib-index is commonly 
seen in early stages or with slight diminution of red cells, while in ad- 
vanced cases with marked reduction of red cells the Hb-index is usually 
higher. These characteristics are common to most secondary anemias. 

The anemia of the typical case of Hodgkin's disease stands in an in- j 
tcrmediate position Ijctween simple secondary and pernicious anemia, f 
It is usually much less niarke<] than in corresponding stages of lea-l 
kcmia andalmost never approaches the ty|w; of iwrnicious anemia. Ob. I 
the other hand it is usually more marked than the general condition of J 
the patient would lead one to suspect, thus differing from moat for 
of secondary anemia. Aa Grawitz has pointed out, the character o 
the blood changes offers little encouragement of the tendency to find ii« 
this disease a condition related to either pernicious anemia or leukemia.T1 

LencocTtefl. — The number of leucocytes in the blood is considerably 
inHuenced by the character of the process in the lymph nodes. In the 
majority of cases the leucocytes are normal or diminished in number, 
and there is a tendency toward relative lymphocytosis. In many cases 
however the leucocytes are continuously increased, with j)eriods of well- 
marked leueocytosis. The increase of white cells may be considerable 
but does not pass beyond the limits of inflammatory leueocytosis, 50,- 
000-60,000. Exceptions to this rule must be allowed in the cases of 
pseudo-leukemia which appear to have jiassed into leukemia, while in 
Eiscnmenger's case, which passed into sarcoma, there were 30,0'Ht 
leucocytes. A few eosins are commonly se^n in afebrile cases, while 
an occasional myelocyte lius sometimes been encountered. 

The cases showing few white cells the writer has found to be usimlly 
the chronic ones of slow progress and without fever, while a high pro- 
portion of polynucloar cells witli or without absolute increase usually 
belongs to the more rapid or the febrile cases. I<imbeck finds that 
when the polynuclear cells are increased the nodes usually show in- 
flammatory changes, but when lymphocytosis is found the nodes x 
ptoat^h more to the sarcomatous type. In lymphosarcoma also, i 
simulating pscudt>-leukemia, the small lymphiteytes may be very B 
merous. The writer has l>een unable to find any features in the bloc 
distinguishing between psi.'ndo-leukemiu and frank chronic tnberculof 
of lymph nodcH. 

Diagnosis of Pseudo-leukemia. — 1. From inyeiogenous or ] 
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Dounced lymphatic leukemia the diagnosis is readily accomplished by 
the examination of the blood, demonstrating the absence of character- 
istic leucocytosis. 

2. From less pronounced cases of lymphatic leukemia the diagnosis 
may not in every instance be possible. Usually the excess of leuco- 
cytes in pseudo-leukemia affects the polynuclear type, but as the histo- 
logical structure of the nodes approaches sarcoma, the lymphocytes 
may be greatly increased. 

3. From tuberculosis of lymph nodes the diagnosis may require 
microscopical examination of the nodes. If tuberculous, these may 
show (a) distinct tuberculous lesions, miliary tubercles and cheesy 
areas ; (6) small areas of hyaline material associated with demonstrable 
tubercle bacilli ; (c) lymphoid hyperplasia, without any trace of distinct 
inflammatory changes and without bacilli in demonstrable numbers. 
Such nodes should be tested by inoculation. 

4. Non-tuberculous inflammatory hyperplasia of lymph nodes usu- 
ally causes irregular fever, polynuclear leucocytosis, and suppuration 
of the nodes. It is quite possible that some pyogenic infections of 
lymph nodes may run the course of subacute pseudo-leukemia. 

5. The splenic form of Hodgkin's disease, or " splenic anemia/' usu- 
ally follows the type of chronic pseudo-leukemia with moderate changes 
in the blood. The blood in splenic anemia may be indistinguishable 
from that of old malarial cachexia, and the latter condition has been 
said to pass into the former. (Gowers.) The writer has found the 
clinical condition of splenic anemia, with blood changes indistinguish- 
able from pseudo-leukemia, proven at autopsy to be associated with : 

(tt) Syphilis of the spleen (gummata). 
'6) Large round-celled sarcoma of spleen. 

c) Chronic splenitis of the type of epUhdiome primitive of Gaucher. 
(d) Cellular and fibrous stages of the ordinary lesion of the spleen 
in pseudo-leukemia. 
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CHAPTER X. 

ANEMIA INFANTUM PSEUDO-LEUKEMICA. 

SPLENECTOMY. 

ANEIHA INFANTUM (V. JAK80H). 

Historical. — In 1889-90 von Jaksch described a form of infantile 
anemia clinically resembling leukemia but failing at autopsy to show 
the visceral lesions of leukemia. 

The disease was said to be characterized by grave anemia, high and 
persistent leucocytosis, marked enlargement of the spleen, slight swell- 
ing of the liver and occasionally of the lymph nodes, and was to be 
distinguished from leukemia by the disproportionate sjze of the spleen 
as compared with that of the liver, by the more moderate leucocytosis, 
by the more favorable prognosis, and by the absence of leukemic infil- 
tration of the viscera. 

Peculiar forms of grave anemia in infants had previously been de- 
scribed by Italian observers, Cardarelli, Somma and Fede, under the 
term " infective splenic anemia." Mosler and Senator also had long 
before recognized and described numerous cases of infantile anemia 
which they placed in an intermediate position between leukemia and 
pseudo-leukemia. 

Shortly after v. Jaksch's first reference to this condition Hayem de- 
scribed a case in which the blood contained numerous nucleated red 
cells, many showing mitotic figures. The leucocytes were chiefly mono- 
nuclear, but the eosins were increased. In Luzet's case nucleated red 
cells were not very numerous, but the eosins were increased and some 
mitotic leucocytes were seen. 

Thereafter, reports of cases multiplied rapidly so that in 1892 
Monti and Berggrun were able to collect 16 cases, not including those 
of Hausse and Loos, and added four of their own. In recent years 
the knowledge of the condition has not been greatly extended, and 
opinions regarding its significance are still at variance. 

Etiology. — The typical condition is usually limited to infants and 
children between one-half and four years of age. The majority of the 
reported cases have occurred in girls. Rachitis is of undoubted im- 
portance in the disease since it was prominent in 16 of the 20 cases of 
Monti and Berggrun. In the cases of severe rachitis reported by Hock 
and Schlesinger ^ the changes in the blood resembled those of v. Jaksch's 
anemia, even when the spleen was not enlarged. Syphilis, chronic in- 
testinal catarrh, and chronic tuberculosis were found in other cases, col- 
lected by Fischl. 

An infectious origin was held for very similar cases as early as 
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18S0 by Cardarelli, and in 1887 by Sommo and Fede. I^t*r M; 
and Trambusti, Tocplit^, and Gianturco and Fianese, again maim 
tlie infectious nature of the malady. Recently Lowit reports lindi 
the " hemameba Icakeiiiio! vutffna " in one case. 

Pathological Anatomy. — Tlie changes in the viscera have been 
scribed princijially l>y v, Jaksch (Eppinger), Luzet, Baginsky, Ac 
oud, and Uotcli. 

The spleen is much enlai^ed, and usually rather firm. Histolt^c- 
ally the changes are those of simple Iniierplasia of all elementj^, while 
the sinuses contain an excessive number of leucocytes, Luzet found 
some mitotic normoblasts, but in Ins cases nucleated red cells were not 
numerous in the blood. Baginsky found many eosinophile celts in the 
spleen. Audeoud described extensive proliferative changes in the 
splenic follicles and pulp, gorging of sinuses with leucocytes, and occa- 
sional extravasations of blood. 

The liver, in the majority of ca-ies, has been found moderately en- 
larged, u»iually less so than the spleen, and of uniform color and uorma) 
consistence. Luzet could not verify the claim that the liver is less af- 
fected than in leukemia, while in a ca»e of the writer's the liver was 
quite as large as in fatal cases of leukemia in young children. Histo- 
logically there is an abseuce of leukemic infiltration, but Luzet found 
between the liver cordsnconsiderable number of lfti^cell8(15—25/i in 
diameter) which he regarded as progenitors of the red blood corpuscles. 

In a case of the writer's, examined in 18!)6, within the liver capil- 
laries there were small collections of nucleated red cells and leucocytes, 
of which some of both were found in mitotic division, but tJie charac- 
ters of leulcemic in61tration were entirely wanting. The infiltration 
with these groups of small cells gave much the same appearance as the 
late fetal liver. In the fetal liver, however, these foci are composed 
almost exclusively of nucleated red cells. In one of Ilotcli's cases also 
a ^milar condition was described. 

The lipnpk nodfs were moderately enlarged in 12 of 20 cases, but in 
no degree comparable to the changes of leukemia. The marrovi was 
described by Luzet as diffuwly reddened and moist, and as showing 
evidence of excessive multiplication of red cells. 

The Ghanges in tiie Blood. — The red cells are always markedly 
diminished, v. Jaksch's ca.*e, in which they numbered 820,000, 
showed exceptionally severe anemia, the majority of cases having 1.5- 
3.0 million red cells. The ordinary changcsof grave secondary anemia 
are to be noted in the red cell.4. Alt and Weiss found poikilooytoeia 
vcn' prominent in their coses, but this condition, together with mt^- 
li>cvtes and microcytes deficient in Hb, are common to other anemias. 

An excebsive abundance of nucleated bed cells has been 
shown to be one of the most characteristic features of the blood of this 
condition, in which they may be even more numerous than in leukemia. 
Yet they are not always present, in which case the disease becomes 
difficult tu distinguish from (iseudo-leukemia. Luzet, Alt, and Weiss, 
and others, have noticed that an unusual number of these celts are 
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found in mitotic division. In well-marked cases the nucleated red 
cells may all be of normal size for this age, but in the graver stages of 
anemia megaloblasts reach a considerable proportion or a majority. 
The usual d^enerative changes in the red cells of severe anemia have 
been described in several of these cases. 

The leucocytosis is an important characteristic* Usually the white 
cells number between 20,000 and 50,000, but in an apparently genuine 
case of Baginsky's they varied between 122,000 and 40,000. In more 
typical cases the uniform persistence of the leucocytosis without marked 
variations has been somewhat peculiar. Some cases have recovered 
with diminishing leucocytosis. 

In most instances in which differential estimates are reported, the 
mononuclear ceUa have been slightly in the majority. In apparently 
genuine cases (Rotch, Hock and Schlesinger ^) the mononuclear cells, 
large and small, formed 80 percent, 84 percent, and 75 percent, of a 
greatly increased number of leucocytes (in one case 116,000). In 
other cases the polynvjdear cells have been the more numerous. The 
proportion of eosinophUe cells varies. Although considerably increased, 
up to 6 percent ( Vickery), they do not reach either the proportions or 
numbers seen in leukemia. Myelocytes have been noted by Klein and 
in the more recent reports, but only in small numbers. In one of 
Vickery's cases 10 percent of myelocytes are reported among 22,000 
white cells. Usually these cells are not so abundant as to suggest leu- 
kemia. 

Great variations in the size of the neutrophile leucocytes have been 
described, but cannot be regarded as a special character. The great 
variety of degenerative changes seen in all the blood cells, especially in 
tlie leucocytes, has been very fully described and depicted by Engel. 

Signiflcance of ** y. Jaksch's Anemia." — ^The attempt to determine 
the true nature of the cases described under this term must be guided 
by the known characteristics of the blood of infants. The more im- 
portant of these characters are : (a) The relative lymphocytosis ; (6) the 
more active leucocytosis excited by chemotactic influences ; (c) the tendency 
to enlargement of the spleen in all chronic anemias of infants ; (d) the 
hyperemia of the marrow associated with rachitis ; (e) the facility with which 
blood formation in infants partially regresses toward the embryonal type. 

With these disturbing factors in view, it would appear that some of 
the reported cases of anemia pseiido^eukemioa could better be classed 
as pernicious anemia, by referring the peculiar leucocytosis to the spe- 
cial tendencies of infants' blood. Such a case is that of v. Jaksch in 
which there were 820,000 red cells and 54,660 leucocytes of undeter- 
mined varieties. 

Other cases, like that of Rotch, with 1,311,500 red cells, 116,500 
leucocytes, 80 percent lymphocytes, enlarged lymph nodes, no autopsy, 
etc., might perhaps better stand as a case of lymphatic leukemia with 
unusual proportion of nucleated red cells. Yet the present tendency 
is to accept too uncertain evidence in the diagnosis of lymphatic leu- 
kemia, and the writer agrees with Rotch in his classification of this 



230 AyESlIA IXFANTUH PSBU DO-LEV KBMICA. 

case. One of Senator's cases also showed enlai^ment of lymph nodes ' * 
and a ratio of 1— 10 between leucocytes and red cells. Likewise Vick- 
ery's case, with 22,000 leucocytes, 35.8 percent lymphocytes, 10 per- 
cent myelocytes, and 6.2 percent eosins, and no autopsy, mar have 
been an early stage of mi/eiof/enou« leukemia, bnt myelemia in infants, 
even if acnte, ought to give more than 22,000 leucocytes and 10 per- 
cent myelocytes, while if chronic its characters are usually unequivocal. 
The real nature of these cases must remain obscure in the absence of 
repeated and very complete exnminations of the blood, and microscopical 
study of the viscera. 

Finally, it is possible that many of the cases arc to be regarded as 
ffinve anemia teith leucofffto«i» of peculiar character. This view is sup- 
ported by the occ-asional record of recoveries and of gniduat transforma- 
tions into grave anemia with ordinary leucocytosis. (Monti, Berggrun.) 

Nevertheless, in spite of the resemblance of many cases to pernicious 
anemia, leukemia, or grave anemia with leucocytosis, there appears to 
be, in the cliuical history, in the morpholog^■ of the blood, and especiallj 
in the condition of the viscera, sufficient ground on which to separata 
at least for the present, certain peculiar forms of chronic anemia | 
children from any of the above conditions. 

In file cUnicul hktory these signs are, chiefly, the chronic course, the 
frequent association with rachitis, syphilis, or clironic intestinal catarrh, 
the pronounced enlai^ment of the spleen, and the usual absence of 
distinct features of pernicious anemia, leukemia, or of a cause of leu- 
cocytosis. Ill fhc blowl the changes are rarely such as to cause confu- 
sion with pernicious anemia, though the condition appears at times to 
precede peruicions anemia. While the acute cases with many lym- 
phocytes or myelocytes may be indistinguishable from leukemia (one 
case of Luzct's (XXV.) having {Hissed slowly into leukemia), in other 
more numerous instances the peculiar condition of the blood persists 
unchanged for months and shows no tendency to declare itself as leu- 
kemia. In the average case of grave secondary anemia tlie Iciicocytosia 
fails to show the peculiar characters of this condition. The exces- 
sive numbers of nucleated red cells and the very active raultiplicatioD 
of these cells and of leupocytes, as indicated by the large proportion of 
mitotic nuclei, and the abundance of myelocytes and eosinophile cells, 
or of large lymphocytes, are signs not necessarily connected with grave 
anemia in children, but here constitute a striking and distinctive blood- 
picture. 

Considering the changes in the rlgcera, it is found that while the other 
features of the disease simulate pernicious anemia or leukemia, there 
■re neither the leukemic infiltrations and hyperplasias, nor the exces- 
sive iron-content of the liver, or the megaloblastic changes in the mar- 
row, of pernicious anemia. 

The writer is inclined to believe that the peculiar groups of mitotic 
red cells and leucocytes found in the hepatic capillaries of the single 
case which he has had opportunity to examine may indicate the essen- 
tial nature of the condition. The presence of these cells shows that 
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the liver had resumed or retained its fetal function of blood cell for- 
mation. Similar groups of cells resembling leucocytes have been de- 
scribed by Rotch and similarly interpreted^ but without mention of 
Hb-content or mitotic figures in the cells. Luzet also mentioned the 
presence of |>eculiar groups of cells in the liver. If these observa- 
tions can be verified, a specific anatomical condition will have been 
established for v. Jaksch's anemia, viz, the resumption by the liver under 
the influence of grave anemia or toxemia of its fetal function of de- 
veloping red and possibly also white blood cells. The conditions 
would then differ from pernicious anemia in the absence of extreme 
megaloblastic changes in the marrow, and in the extension, rather, of 
normoblastic red cell formation beyond the marrow and into the next 
most available tissue, which is the liver. On this anatomical basis it 
would still be impossible to explain the frequent presence of many 
lymphocytes or myelocytes which, however, may be referred to the co- 
incident affection of lymphoid tissues, especially of the marrow, a tis- 
sue which in this disease has as yet received inadequate attention. 

Id a case observed by the writer in 1896 the patient was a markedly 
rachitic infant of 20 months. The spleen extended 3 inches below the costal 
border. The liver was considerably enlarged. The lymph nodes were not 
enlarged. The red cells numbered 1,820,000, about 10 percent of which 
were pale megalocytes. Nucleated red cells were extremely abundant and 
usually of normal size. Hb not taken. The leucocytes numbered 48,000, 
of which 22 percent were small lymphocytes, 34 percent large lymphocytes, 
3 percent myelocytes, 38 percent polynuclear, 3 percent eosins. 

The spleen was the seat of uniform hyperplasia of pulp cells, while the 
follicles were much reduced in size and number. Throughout the pulp there 
were numerous small collections of small cells with compact or mitotic 
nuclei. Many of these were nucleated red cells. Mitotic leucocytes were 
not identified. There was beginning increase of connective tissue and the 
sinuses were often obliterated. Eosins were very abundant. The liver ex- 
hibited numerous small intracapillary foci of cells, many of which contained 
mitotic nuclei. Of these the majority were nucleated red cells, others were 
much larger and granular. Occasionally they appeared fused together in 
one cell mass, resembling the multinuclear masses of Luzet. These groups of 
cells resembled the foci of nucleated red cells of the embryonal liver, but 
were much less numerous. The liver cells were not fatty. 

The marrow of the femoral shall was cellular throughout, no fat cells 
being found in this situation which in normal subjects of this age is at least 
partly fatty. There was general hyperplasia of cellular elements, but the 
cells were not densely packed as in leukemia. The islands of nucleated red 
cells were very numerous, these cells being distinctly in excess. Many 
mitotic leucocytes with .granular protoplasm were identified. The sinuses 
were obliterated. Eosins were not over abundant. The condition of the 
spleen, liver, and marrow indicated that excessive demands were being 
made upon the blood-forming organs, and that these demands were being 
met by the marrow, the liver, and probably also by the spleen. 
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SPLENEOTOHY. 

The effects of spleneelomy upon man are usually the combin 
Bults of Revere hemorrhage, or preexistiug aneiuia, of the loss of the- ' 
function of the organ, and very often of iutnivenoua infusion practiced 
immediately after the operation. 

How much of these effects arc referable solely to the loss of the 
orgao can better I>e determined by comparing the blood changes fol- 
lowing splcnect^iray in animals with those observed in the human sub- 
ject. 

Effects of Splenectomy in Animals. 

Mosler was one of the first to sliidy the effects of tipIeDectomy upon 
healthy dogs. He found a dimiuutiou of rfd cella, pereixting for iieveral 
montbe, but no changes in the leucocytes. The blood-formInK (Unction, 
then regarded as inherent in the Bpleen, bo believed to have been tnuis- 
r«rred to the marrow, in which tissue be found changes comparable to tho8« 
of leukemia. The chief permanent chemical alteration he found to be a 
loss of iron. MnlaitecK found the oligocylliemia to persist only one month, 
while the Hb remained deficient much longer. Zesaa found in rabbitit a 
marked IcucocytoBls, reaching a. maximum in the l«nth week, when the red 
cellH begin to diminish. ThebloMl wat restored to the normal six months after 
the operation. Winogradoff found that the red cells in dogs diminish for 
SCO days, and many megatocytes appear. In the second year, smaller cells 
reappear and the total number gradually becomes normal. In two of three 
dogs there was considerable leucocytosis. Diminution of specific gravity and 
of Hb was constantly noted. The lymph nodes of the animals were found to 
be smaller, and the marrow hyperemic. Gibson found the maximum diminu- 
tion of reil cells 60 days after splenectomy (three dogs). Pronounced leucocy- 
tosis was observed the day alter the operation. The restoration of th« 
blood required six months. 

More recently Kourloff followed the course of the leucocylosis of splenec- 
tomy, finding, in the first year following the operation varying grades of 
lymphocytosis, the proportion of these cells rising from 30 up to 60 percent. 
The proportion of grauular leucocytes fell trota 40-60 percent to 20 percent, 
or less. The numbers of large mononuclear oelb did not change, indicating 



SPLENECTOMY IN MAN. 289 

that the spleen cannot be considered as their place of origin During the 
second year, a prominent alteration of the blood was a marked eosinophilia, 
while in this period the lymphocytes fell to the normal proportion. 

Emlianoff demonstrated in splenectomized dogs a slight diminution of red 
cells and an extreme leucocy tosis marked by an initial loss of small cells, and 
a sudden increase of larger (polynuclear) cells. Vulpius also observed in 
several rabbits a moderate leucocy tosis lasting not longer than nine weeks, 
and a loss of 20 percent in the number of red cells, which were restored 
within five to six weeks. 

It has therefore been shown, by the above observers among others, 
that splenectomy in animals is followed by moderate reduction in red 
cells lasting from one to twelve months, by relatively greater loss of 
Hb more slowly restored, and in some cases by the appearance during 
the first year of megalocytes. 

Leucocytosis follows the operation, but its extent and duration are 
very variable. A polynuclear leucocytosis is observed during the first 
days or weeks, followed by relative or absolute lymphocytosis during 
the first year, while during the second year distinct eosinophilia may 
be observed. 

With these changes in the blood are associated a marked cellular 
hyperplasia of the marro>^, approaching at times that of leukemia, and 
often also affecting the lymph nodes. In the swollen nodes an exces- 
sive number of nucleated red cells have been found by Winogradoff, 
Tizzoni, Gibson, Kourloff, and Grunberg. 

Splenectomy in Man. 

The most marked changes in the blood following splenectomy in 
man are seen in those cases in which the organ has been removed for 
rupture or idiopathic enlargement. Successful cases are recorded by 
Czerny,* Regnier, Hartley, McBumey, and others. In Czerny's case 
of idiopathic enlargement (1,500 grm.) the Hb fell to 56 percent, while 
the red cells were very slightly reduced and reached over 5 millions 
within a month, but four years later the patient, for reasons not stated, 
was found to have only 3.3 million red cells with 85 percent of Hb. 
The leucocytosis was very marked, reaching 70,000 within a week and 
persisting for at least eight weeks. 

In Regnier's case of rupture of spleen with severe hemorrhage, the 
Hb fell to 20 percent, rising gradually to 80 percent in the eighth 
week. The red cells, falling to 2.5 millions, rose to 4.7 millions by 
the eighth week. An acute leucocytosis, 25,000, appeared soon after 
the operation. One month later the polynuclear cells had been largely 
replaced by an equal number of lymphocytes. Nucleated red cells 
and eosins were scarce. 

Hartley's case (examined by the writer) was complicated by infu- 
sion, and possibly by preexisting malaria. The anemia on the fourth 
day was profound ; the leucocytosis was extreme, estimated roughly at 
75,000, of which 77 percent were polynuclear. Many " splenocy tes " 
and a moderate number of myelocytes with deficient neutrophile gran- 
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ules, and a'f^w normoblasts, were present, so that the blotxl strikini^' 
resembled tliat of leukemia. At the end of three weeks the young 
patieut's blood had greatly improved, and the leueocytes were Qonual. 
After three months the only abnormality was the presence of a few mod- 
erate-sized megalocytes, and an apparent deficiency of neutrophile gran- 
ules. I^ter examinations, extending over three years, failed to show, 
at any time, an absolute increase of either lymphocj-tes or eosins, or any 
persistent anemia. 

In McBiirney's ca*e the writer found the anemia and the resemblance 
to leukemic blood even more pronounced. The same prompt improve- 
ment followed, and six months later the blood was practically normal. 

Af^er splenectomy for various other general indications not includ- 
ing malaria and leukemia, rather variable results have been noted. In 
the cases collected by Vulpius, Hartley, and Litten, and reviewed by 
various authors, the writer finds a general resemblance of the blood 
changes when reported to those described after experimental splenec- 
tomy. The grade of anemia and the period required for the restora- 
tion of the blood seem to vary with the general condition of the patient 
and the circnrastances of the operation. Dominici describes a case in 
a tuberculous subject in whose blood, 12 days after the operation, a 
very lai^ number of nucleated red cells began to appear, 9,800 per 
ccm. having been counted at one time. AA«r three weeks they dis- 
appeared. 

In the majority of the cases of splenectomy for itinuleriny sfileen and 
other conditions not seriously affecting the patient's health, the blood 
was described as normal before and after the operation, but in some 
the usual reduction of red cells and leucocytosis have been observed. 
The slight changes commonly noted are probably referable to the 
effccta of the laparotomy, us Hartmann and Va<)nez found that after 
every such o]>eratiou there is slight anemia and leucocytosis. 

The tiuiJitrliU Mp/efii has been excised by manv surgeons with 
favorable results. Jonnesco, who reports a series of casex, found a 
prompt increase of red cells after a temporary diminution (.■'j-'i mil- 
lions) and a somewhat persistent leucocytosis ( 1 5,000-;iO,000), The 
operation affected a prompt cnre of long-j)crsi stent cachexia. Similar 
favorable results were obtained by Hartley, Vulpius, and others. 

In leiikenua the spleen lias been extirpated in 28 cases with im- 
mediately fatal results in 25. One case survived 13 days, another 8 
months, and a third, in which the diagnosis must be doubted (Frannt- 
lini, 1882), was reported cured. In the two genuine cases the 0{>em- 
lion was followed by steady diminution of red cells and increase of 
leuciKTvles. (IJardcnhauer, Burckliardt.) 

Visceral dumgea Following Splflnectoiny. — Enlargement of lymph 
no<lus has been observed after splenectomy in man by Czerny,' Kocher, 
Lennander, and Regnier. In Itegnier's cose the enlargement of the 
nodes was associated with iymplioeytosis. The marmw was examined 
by Regnier four wi-eks after the splenectomy and found very hypac^^ 
emic. There had been marked anemia in this case. 
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Resumed — In comparatively healthy mbjedSy splenectomy has often 
been performed without affecting the blood more than does any other 
laparotomy. 

In many graver cases the loss of blood and the shock of the opera- 
tion give rise to a considerable grade of secondary anemia. The red 
cells are, in favorable cases, restored in 1-3 months, but in less favor- 
able cases there may be more persistent anemia. The restoration of 
Hb seems in some cases to fall behind the improvement in cells rather 
more than in most secondary anemias. The operation is usually fol- 
lowed by considerable polynuclear leucocytosis (15,000-50,000), which 
commonly persists for 2-6 weeks, but may continue for months, in 
which case the polynuclear cells may be largely replaced by lympho- 
cytes. Eosinophilia has been observed in a few cases during the 
second and third years. 

In traumatic cases suffering from large hemorrhages, splenectomy, 
especially when complicated by infusion, may lead to very profound 
anemia, marked by extreme loss of red cells, the presence of many 
very large, pale, sometimes polychromatic, and dissolving, red cells, 
nucleated red cells, and to a high grade of leucocytosb. Among the 
leucocytes there may be a considerable proportion of large, pale mono- 
nuclear cells and myelocytes, so that Vie blood resembles that of acute leu-- 
kemia. This condition however is transitory and the blood may im- 
prove rapidly. 

Leukemia and the amyloid spleen are contraindications to splenec- 
tomy. In other conditions the choice of operation may depend 
entirely upon the general condition of the patient. Beyond a moderate 
persistent leucocytosis or lymphocytosis, and possibly a slight delay in 
the restoration of Hb, there are no specific effects known to follow 
splenectomy in man. 
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PART III. 
THE ACUTE INFECTIOUS DISEASES. 

INTRODUCTORY SECTION. 

THE BLOOD IN FEVER. 

While all observers have agreed that the blood in fever suffers a 
reduction in red cells, it still remains a matter of doubt whether a fe- 
brile prooess alone actually destroys red cells or only causes them to 
be unequally distributed in the body. 

The theory of unequal distribution of red cells in the acute fevers 
is supported by a variety of observations. Maragliano demonstrated 
a contraction of arterioles during the height of a febrile process^ fol- 
lowed by dilatation during defervescence, and he was able to verify 
these results by watching the effects of antipyretics. Breitenstein 
found an excess of red cells in the livers of heated animals coincident 
with a deficiency in peripheral vessels, while Naunyn under the same 
conditions could find no evidence of destruction of red cells. Increase 
in specific gravity of the blood was demonstrated by Stein, with ris- 
ing temperature, followed by lowering of gravity in defervescence. 
Reinert believes that excessive loss of fluids diminishes the volume of 
blood during the height of the fever, while retention of fluids results 
from lower blood pressure and heart weakness after defervescence. 
Tumas believes that the blood in fever may be reduced in bulk as well 
as in proportion of red cells. 

In favor of the view that the red cells are destroyed in fever is the 
demonstration of an excess of potassium (Salkowski), and of hydro- 
bilirubin (Grerhardt, Hoppe-Seyler) in the urine. Yet Bunge has 
shown that the red cells which are very rich in potassium may take up 
and dbcharge large amounts of thb element without themselves being 
destroyed. In pure types of experimental pyrexia Naunyn and others 
have found no solution of Hb in the blood-serum and no evidences of 
destruction of red cells. Werhowsky, however, exposed rabbits to a 
temperature of 38.5-40^ C. for 2-29 days and found a steady diminu- 
tion, reaching 30 percent, of Hb, followed by progressive loss of red 
cells, moderate leucocytosis, and deposits of hemosiderin in the marrow 
and spleen. Similar indications were obtained long ago by Mobitz in 
septic animals whose blood at first showed from day to day consider- 
able variations in the red cells but eventually a permanent loss. 

The8e results leave no doubt of the capacity of prolonged fever to (2€- 
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Klroti red cells, bid the length of time n-i/uired ftirnighen opjmrtunily for 
JiuAorn otiier than pyrtJe'in to InfriTrnr. Consequently Lowit ' concludes 
that the real nature of the oligocythemia in early febrile process is 
still doubtful. 

Fever ih usually accompanied by marked disturbuice of the coagula- 
tion of the hlo<Hl, which lins sometimes been found increastd, al others 
diminished or entirely iubibited. From the studies of Schmidt and his 
pupils it lias been shown that in septic fever coagulation is diminished 
at an early stage and increased at another later stage. The variations 
depend, according to Bojanus, upon changes in (lie quantity either of 
fibrinoplastic substances or of tibrin ferment, and are connected with 
the presence of dissolved Hb in the plasma. In non-febrile pyrexia, 
insolation, the coagulability of tlie blood is lost. 

Olianges in Chemical Compoaitlon. — A progressive loss of albumens 
of the bhxKl in febrile diseases baa been noted by many observers, but 
it is not yet known whether the loss is referable to the pyrexia or to 
other associate!! factors. 

While there is good reason to believe that the less d^ETusible globulin 
should Hulfer less than the albumen, as Gottschalk claims to have found 
in some instances, yet Limbeck and Pick found that no general rule 
could apply to variations in the globulin of the blood in infectious 
diseases. A contrary conclusion also was reached by Emmerich sud 
Tsuboi who found the globulin of the blood to diminish when rabbita 
are being immuuiiu-d against hog cholera. 

BaaiBtance of Red Cells la Fever. — A diminished resistance of the red 
cells and incrwuM^d isotonic tension of the plasma were demonstrated by 
Maragliano in severe anemia, and by CeJli and Guamieri in various 
fevers, while the morphological characters which indicate this change 
in the red cells have been described by Maragliano, Gabritschewsky, 
and Gruwitz. Yet diminished resistance of the red cells is not found 
in all fevers and may, as Limbeck ' has shown, be at times increased. 
While Hamburger has shown that the resistance of the red cells de- 
pends principally upon the osmotic tension of the plasma, Demoor 
refera the low resistance in fever to the presence in the blood of hac- 
teriial toxines and of excess of CO,, while Lowit' connects it more 
closely with changes in the vessel walls. 

Febrile Hydremia. — A marked diminution of the albumens of the 
plasma has been demonstrated in many infectious diseases by Hammar- 
Bchlag, Limbeck,' Biernacki,' Wendclstadt, and others, and has been 
referred not to increase in the total bulk of water in the blood but to 
destniction of albumens in the febrile process. Herz believes further 
tliat the febrile hydremia is cbaracterized also by swelling of the re<] 
cells with corresponding oligoplasmia, and Limbeck and Steimller 
found tlie volume of the serum in three healthy subjects to average 
72. y percent, while in eight acute febrile cases it fell to an average of 
54.8 percent. On the other hand Pfeifler denies that the red cells 
swell ill febrile diseases, finding rather that they shrink, and Biernacki 
denies the existence of anv uniform febrile hvdremia. Theconclusi 
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of each of the above observers appear to be justified by their results^ 
and their conflicting opinions must be referred to technical errors or to 
particular conditions existing in the subjects of their study. 

Alkalescence. — Abundant sources of acid metabolic products are 
believed to exist in fever as a result of imperfect oxidation of albumens 
and the formation thereby of fatty and lactic acids^ as well as in the 
development of acids as a result of bacterial growth. Numerous obser- 
vations, also, by Senator, v. Jaksch, Kraus, Klemperer, et al., have 
apparently shown by different methods that febrile processes are regu- 
larly marked by diminished alkalescence of the blood. Yet Minkowski 
has from the first pointed out that at the height of the fever the loss of 
alkalescence is not proportional to the pyrexia. Limbeck and Steindler 
in a large series of febrile subjects found in both blood and serum 
variations in alkalescence quite within normal limits. 

On the other hand Lowy and Richter, using a special method which 
they claim to be more reliable than others, find that in a certain period 
of febrile processes corresponding to the stage of hypoleucocytosis the 
blood shows an increase and not a decrease of alkalescence. The cause 
of this condition is not yet explained, but Lowy's results have been 
verified by Lowit, Biernacki,^ and Strauss. 

Important contributions to the subject were made by Fodor and 
Rigler. These observers found that the serum of rabbits infected with 
anthrax at first shows an increase of alkalescence, but afler 24 hours a 
rapid and marked diminution. With rabies the alkalescence dimin- 
ished from the first. Between the quantity of diphtheria toxin injected 
and the final loss of alkalinity therefrom they found a parallel. In- 
jections of vaccine increased the alkalescence for 7-8 days, of diph- 
theria antitoxin, for only 48 hours. Since the alkalinity of the serum- 
ash did not vary with that of the serum they concluded that the 
property depends on the presence of organic substances. Other im- 
portant studies of the alkalescence of the blood by Cantani, Calabrese, 
etc., have shown that the important variations in the quality of the 
blood are dependent less upon fever than upon other obscure chemical 
processes. 

Lowit * concludes ttiat the alkalescence of the blood may be increased at 
one time and diminished at another petnod of an infectious disease, that 
this property is not dependent in any large measure upon the leucocytes 
and. that its significance is still unexplained. 

Action of Bacteria and their Products on the Blood. — Many of the 
phenomena classed among the effects of fever on the blood can be di- 
rectly traced in part to the action of bacteria and bacterial products 
which are the exciting causes of the febrile process. 

Bouchard has demonstrated for the bodies of Bacillus pyocyaneus, 
and Gley and Charrin for their filtered products, a vaso-constricting 
action, and therefore a tendency to concentrate the blood. An in- 
creased flow of lymph and probably a similar concentrating effect upon 
the blood has been shown to follow the injection into animals of pep- 
tone and animal extracts, by Heidenhain, of tuberculin, pyocyanin, 
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pDeumotoxiii, by GJartner and Homer. Rapid variations in the gravitr 
of the blood have, in Gramtz's' hands, followed the injection of eul- 
tures of cholera, diphtheria, and pyt^enic organisms. Small doses of 
toxiues of various bacteria were found by Bianchi and Mariotti to in- 
crease the isotonic tension of the blood quite i>eyond normal limits, 
while lai^ doses of many germs or even small injections of BiidUitt 
typhomui had the opposite effect. 

Specific bacterial products, toxalbumintt, bacterio-proteins, and pto- 
maines, are Wlieved by most observers to be the active agent in the 
destruction of the albumens of blood and tissues in infectious diseases, 
acting at times without the accompaniment of fever. (Midler.) 

As a specific effect of the chemotacttc action of bacteria and their 
products upon the white blood cells there is the whole series of phe- 
nomena of leucocytosis, the significance of which is considered in an- 
other section. 

OoDclnsioDS Eegardisg the Blood in Fever. — From the foregoing brief 
review it will be seen that the changes in the blood in fever form an 
extremely complex sidiject, nlwut which our knowledge is still rather 
fragmentary. The same phenomena have been encountered in differ- 
ent lines of investigation and attribute*! to different single factors, 
though prolwbty referable to many. While some main facts are rather 
distinctly apparent, other questions must remain undecided until fully 
adetiuate technical methods are devised. 

Decretitc or relative increase in the proportion of red ectU, but end- 
ing always in a loss in their total numbers, must be accepted as accom- 
panying all cases of pyrexia, although requiring some time to become 
clearly apparent. 

OcKigulahU'Uy virU» in different stages of febrile diseases, but is 
clearly connected with the pyrexia as such. 

The progressive /o*w of albumen of the blood is probably easentiall^J 
connected with the febrile process, but occurs in increased degree wl 
the fever is of infectious origin. 

Frbrlle hyiirmuit is an accidental condition which may 
occur as a result of the loss of albumens of the blood. Dlinmighid rt- 
KiManee of retl cflfn occurs in the majority of fevers, and depends on a 
variety of factors. VaritUhiui in it/kalinllif are fre<|uent and consider- 
able in fever, but are not proportional cither to the height of the tem- 
perature or U) the toxic condition of the blood. 
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The gross charactera of the blood in paeunionia were acciirate!y 
di'-'fcrilwd by Piorry, who noted the prompt and firm clotting due to 
exceaij of fibrin, while the distinct criutUi ]Jiloffi«fittt,iu<yst marked about 
the seventh or eighth days, was the earliest recorded observation con- 
f-crning the leiioocytosis of this disease. Fibrin has since been shown 
to be abundant in nearly all cases of pneumonia, and very mnch in- 
creased in thp great majority. The excess often <>ontinuen beyond-J 
defervescence. In very severe cases wiUiont leucocytosis, fibrin is usu^fl 
ally deficient. (Turk.') ^ 

The total volume of blood is probably somewhat reduced in severe 
cases of pneumonia, owing to the concentration which occurs in fever, 
from cyanosis, aud from the loss of cells and plasma in the exudate. 
Evidences of this concentration have accumulated from several sources, 
among which are ; the increase in specific gravity during the height of 
the process (Monti, Berggrun), and the persistence of a high propor- 
tion of red cells and Hb which usually continues until the crisis, after 
which there is a rapid decline in the quality of the blood. _ 

Large exudations into the lungs arc believed by Bollinger to redaoS'l 
the quantity of blood to such an extent that oligemia may usually b6 
noted at autopsy.. In (t5 percent of his cases marked diminution of 
blood was thus noted at the post-mortem examination, a loss which was 
fully explained by the extent of the exudate, which averaged over 1,000 
gr. in weight. 

The Eed Cells. — Although destruction of red cells undoiibtedlr | 
occurs in the disease, as shown by the increase*! excretion of hydrobili— 1 
rubin, and the occasional appearance of jaundice, yet the red cells r 
main high during the active febrile period, when this destruction i 
taking place, to diminish only when the temjierature b^ins to f " 
This result can be referred only to th* concentrating effects of f 
exudation, and local vasomotor phenomena, and is to be seen in othM 
infectious fevers. 

In spite of these complicating factors the reil cells usually showi 
slight but steady decline during the course of the fever, as shown I 
the reports of Sorensen, Boeckman, Halla, Tumas, Sadler, and othei 

Slight polycythemia (maximum 7 roillione) frequently appears in ti 
reports of Sadler, while Sorensen ol»erved an inori-tur of red cells dtn 
ing the febrile period in one case. The decrease of red cells ofteBt| 



LEUCOCYTES, 249 

occurs suddenly with the crisis, Tumas reporting one case with a fall 
of 600,000 on the day of defervescence. The diminution continues 
for a very variable period depending upon somewhat complex factors, 
but commonly ceases within 10-14 days, or in mild cases much sooner. 

The grade of anemia established is usually not very marked. In 
many recorded estimates the loss of cells did not exceed the limit of 
error. A loss of .5-1 million is not unconmion, while a reduction of 
2 million cells is recorded by several observers. Such changes in the 
red cells, however, must be interpreted with great caution. There 
was, for instance, a loss of 2 million cells in one of Sadler^s cases, yet 
no anemia was established as the blood had been concentrated and the 
lowest count was 5.1 millions. 

Morphological changes in the red cells are usually slight. Polychro- 
masia is seen in the severe cases only. 

Nucleated red celij3 were present in 7 of Turk's 18 cases. 
These were usually normoblasts, occasionally megaloblasts. The cases 
were all very severe, but only one of the seven was fatal. A similar 
phenomenon may occur in other severe infections. 

The Hb suffers considerably more than the red cells, being almost 
invariably reduced after defervescence, but in the absence of complica- 
tions seldom falling below 65 percent. 

Chemistry. — ^The specific gravity was found to remain normal or to 
distinctly increase during the febrile period in 9 children studied by 
Monti and Berggrun.* The albumens of the blood were slightly 
diminished, while those of the serum were normal or increased in 7 cases 
reported by v. Jaksch.' 

The toxicity of the blood serum was found much increased in pneu- 
monia and other infectious diseases by Albu, who locates the poisonous 
principle in the albumens of the serum. 

Leucocytes. — Leucocytosis appears in the great majority of cases 
of pneumonia, failing only in very mild attacks and in very severe in- 
fections with feeble reaction and bad prognosis, and when some pre- 
existing conditions have already excited leucocytosis or debilitated the 
system. In leukemia a complicating pneumonia reduces the leuco- 
cytes, while the onset of pneumonia in the course of some infectious 
diseases is not always traceable in the blood. 

Although the leucocytosis of pneumonia was noted by Virchow, 
Nasse, and other early writers, its closer study was begun by Sorensen 
in 1876, and continued by Boeckman, Halla, Tumas, Hayem, and 
Limbeck.^ 

Even Boeckman (1881) gathered from the literature that most febrile dis- 
eases are accompanied by leucocytosis and that typhoid fever and malaria 
are exceptions to the rule. Halla noted that the leucocytosis is not pro- 
portional to the fever, having encountered three cases without leucocytosis, 
all fatal. Hayem and Limbeck followed the course of the leucocytosis over 
considerable periods, pointed out relations between the grade of leucocytosis 
and the severity of the disease, discussed the time and manner of its disap- 
pearance, and reported other fatal cases without leucocytosis. 

Limbeck's study was especially minute and he was able to detect a fall in 



260 



PNBimONIA. DIPHTHERIA. 



ihe leucooyhwia itome hours before the crisis, and to note the ubecnce of any I 
change during paeudo crises. Mo drew the importaat general deduction 
that leucocytosis prec^ea and is a part of the inflamniatory exudate, and 
that non-exudative diseases are unaccompanied by leucocytoais. Rieder, in 
1892, was probably the first to demonstrate that the leucocytosis of pueu- 
mouia is not determined by the height of the fever, or the extent of the 
exudate, but depends upon the intensity of the infection and the degree of 
resiataacc of the subject, and this view was Ailly supported shortly afleru'ard 
in the writer's series of cases. 

Since Limheelc's study, the leucocytosis ofpncnraouia has been a favorite 
field of investigation, so that an extensive literature in many languages has 
accumulated, and many interesting and important details have been added 
to the Icnowledgo of the subject. 

CtouRSE OF THE LEDcxxyrosis, — Leucocytosis appears very early I 
in the course nf pneumoniu, aimuItnDeouflly with the chill, ac4?ordiDg to I 
Kleia, preceding the exudation, according to Liml)cck, and having re- 
peatedly beeo found on the first day of the disease. Id one of tlie 
writer's cases 25,000 cells were counted within 4 hours afttr the b^in- 
nhig of the first symptorn, a sharp chill, while Rieder and Loehr found 
a marked increase witliin 6 hours of the chill. ThiK>retically the leu- 
cocytosis should be preceded by a period of hypoloucocytosis, but this 
period has never l)een olwerved clinically, except in fatal cases with 
prolonged hypoleucocytoais. 

The iiuurimHin incrmne is reached usually just before the crisis J 
(Hayem, Klein, Bieganski), but has been observed on the first day of 1 
the disease, or on su»^ectling days. When the leucocytes iucrean T 
slowly, they usually diminish slowly, and the disease defervcscps hj I 
lysis. Peculiar ca.scB of marked severity in which there was no di^ I 
tinct leucocytosis until the temperature hc^n to fall, are reported by I 
Bieganski and Turk. 

During the high febrile movement there is usually little alteratiott I 
in the leucocytosis, but extension of the lesion to other lobes, or to ad- I 
joining serous membranes, may cause irregtilar rises in the count. Yat I 
in a case in which bronchial breathing passed successively up one sidi f 
of the chest and down the other, the writer found rather uniform and | 
high leucocytosis. 

A few hours before or after crisis the leucocytes begin to diminish I 
rapidly, sometimes falling from a high to a normal figure within ■ 
twenty-four hours, after which there are commonly some slight oscil- 
lations. During lysis the reduction of leucocytes usually keeps pace 
with the temperature, but Limbeck's, I^aehr's, and Billings' ' charts 
show some niiirkeal upward curves of the leucocytes af\or lysis. Such 
rises are most ofieii due to complications. (Kubnau,') . 

Ill fatal ivMCJt there is ofWn a continuous increase (Pick), but somft- I 
times the leucocytes are high at first, but steadily diminish as the pa- 
tient grows worse (Bieganski, Rieder), while in many fatal cases there 
is no leucocytosis, Haycm believed that in fatal cases without leuco- 
cytosis, the lesion is " less exudative," but subciequent reports liave 
shown this view to be inapplicable to the majority of coses. Aloohot- 
ism, virulent infection, and old age are more important factors. IsJ 
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four Buch cases of the writer's the lesion was of the usual type. In 
one of these, although the exudate was considerable, the marrow of the 
ribs and vertebne failed to show the usual hyperplasia. 

Paeudo-orweg usually have no effect upon the leucocytosis (Limbeck, 
Klein, Laehr, Biegauski), but Turk and others have shown that this 
is not an invariable rule. 

The grade of leucocytosk is usually considerable, and is affected 
by several factors. Hayem found in mild cases 6,000-12,000 leuco- 
cytes, in moderately severe cases 18,000-20,000, and in very severe 
cases a maximum of 36,- 

000. In children the in- Fir.. 21. 

crease is usually greater 
than iu adults. (Monti, 
Ber^^un, Felsenthal.) Se- 
vere uncomplicated caseR 
often show 50,000 cells, 
while some writers have 
found purulent complica- 
tions with many of the high 
leucocytoscs, especialh- 
when the temperature it- 
relatively low. (Smith.) 
The highest figures appeal' 
to be 115,000, recorded by 
Laehr, in a peculiar case 
with delayed resolution. 
The/ewr and the leucocy- 
tosis often run parallel, 
but there are numerous in- 
dividual exceptions to thin 
general rule, the most sig- 
nificant of which are thr 
fatal cases, showing normal 
or diminished leucocytei<. 
The ertent of the exudair 
has considerably more in- 
fluence upon the leuco- 
cytes, as first shown by 
Limbeck. Although con- 
trary conclusions have been 
reached by many writers 
reviewing short series of cases, it nevertheless remains true that the leuco- 
cytosis in general bears a rather close relation to the extent of the exu- 
date. In the writer's cases, especially in those which came to autopsy, 
this rule was readily verified, although its application to individual oases 
proved unsafe. Thus in 63 cases in which one lobe was affected, the 
average number of leucocytes was 20,000, in 24 cases with the two 
lobes involved, 22,700, in 12 cases with three lobes, 25,000, in one 
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case with four loiiee, 27,000, and in one in which there was brouchtal 
breathing over the entire biick of chest, 32,000, In 10 cases with 
lesions extending to the pleura (empyema), pericaniium and perttoaeum, 
the average vras 17,Ot.lO, a tendency toward hypoleucocytosis banning 
to appear. 

The det/rre of ni/demu^ reaction to thf ditease chiefly determiuos the 
grade of leucocytoais. This view, first clearly stated by Rieder, has 
been fully verified by many observers, and embodies the true meaning 
of leucocytosis in infectious diseases. In 47 cases marked by vigorous 
systemic reaction (temperature 105°, full pulse, stheuic condition), the 
writer found an average of -30,000 leucocytes ; in 27 moderate cases 
(temperature below 10o°, symptoms lees severe), the average was 
20,000 ; in 27 cases with deficient reaction, 9,000, while in 12 asthenic 
cases the leucocytes were subnormal. 

Th« Biguifiuance of hypoleucocytosis, observed in manj faUtl cases, has 
been deiiionstrat«d in various experimental infertions like those studied by 
Tscbisto witch, who found that rabbits die without leucocytusis when inocu- 
lated with virulent cultures of the pneuniococi^us, but with attenuated cul- 
tures there is Icurocytoeix, and the animals usually recover. 

Types of LeucocTtea In Fnetunonia. — At the height of nearly all well- 
raarkod liiuiH-vtosi-s in ]niouiiionia the polyuuclear neutrophile cells 
form H(l-;)."( jM.'rceul »{ tlic rcllri. Turk counted as high as WJ) per- 
cent of ihcse cells, and they are frequently above 90 percent. This high 
proportion may be seen when tlic leucocytoeis is i^Iight or absent, but 
is usually most marked when the white cells are very numerous. At 
the .same time there is a marked reduction, relative or often absolute, 
of lymphocytes to '2—4 percent. The large mononuclear cells usually 
persist in considerable numbers (Turk), may sometimes be distinctly 
increased (Klein), and are never entirely absent (Jez), 

The eosinophile cells nt the height of the leucocytosis are always 
very scanty and frequently cannot be found after very prolonged 
search. fZappert, Turk.) 

Instead of polynuclear leucocytosis there may be well-marked lym- 
phocytosis, as in a case reported by Oiljot, in which in a child of 6 
years there were 60 jH'rcent of lymphocytes among fl4,()00 white cells. 
Stienon refers to similar cases, and the writer and others have observed 
such inflammatory lymphocytoses in diphtheria. 

During defervescence, the ptdynuclear cells diminish rapidly, usually 
to a high normal proportion, at which they are apt to remain several 
days. The lymphocytes at the same time increase in proportion, and 
oflien in numl)erB, reaching their normal figures also after a few days. 
Tho large mononuclear leucocytes are usually over-abundant at tJiis 
stage, reaching 16 percent in one of Turk's cases, and constituting the 
"large-wiled lymphocytosis" dcscrlljed by Klein at this jieriod. 
Eosinophile cells usually reappear in scanty numbers on the day l>cfore 
defer^'escenee, or rarely a day earlier. (Turk.) Distinct post-critical 
eoeinophilia occurs in a moderate proportion of cases (Zappert, Bie- 
ganski), but not in all (Turk). 
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In severe cases without leccocytosis, the polynuclear cells are usually 
relatively increased (Rieder), but may be normal (Billings). Very 
often in such cases there is a moderate leucocytosis during or afW 
defervescence. (Laehr.) 

Degenerative Changes in Leucocytes in Pneumonia. — Klein 
described numerous "leucocyte-shadows" in severe pneumonia. They 
are seen in other infectious diseases, especially diphtheria, and are to 
be classed with the degenerative changes in tissue cells which mark the 
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)iiaius infediosue. Glycogen ffranulen in the leucocytes have been found 
in considerable abundance by Livierato and others, usually in propor- 
tion to the severity of the disease and the height of the leucocytoab. 

MyelocyteH were found by Turk in nearly all cases. They were most 
abundant about the time of defervescence, and once reached a propor- 
tion of 1 1.9 percent among 8,800 cells. 

PtviiHtu- lymphoeyles of large or small size, with single or double 
nuclei, staining densely and with a brownish tinge by the triacid mix- 
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ture, are ileacribeii by Turk as of frequent (lecurreiicc, and as rcsultin] 
from abnormal stimrilation oi' blood-forming tissues. 

AppUcftttons in Di&smosis and Prognosis. — The very nnmerous situanB 
tions in which the examiDation of the blood is of great value in tlwl 
diagnosis of pneumonia have been pointed out by numerous writera.-T 
It is esjtecially in sueh acute uncomplicated infections tlint the results I 
of examination of the blood are to be relied upon, but even here ft] 
word of warning is needed against too implicit coofidence in this a 
any other isolated clinical sign, ichifc it U eapeviaili/ Ufiu-M<f to transfer 
othirjifida in bfocl aiiaJif»i« tlif rallii-r }/onltivr rutex which may i 
be ajiplifi} to thf chaiifftx in fJ)e blood in pneumonia. 

Barring mild cases, and those fatal ones in which (here is no iucreaM 1 
of white cells, leucocytosis is an invariable accompaniment of pnea--l 
monia, and its absence is, therefore, very strong negative evidenoe I 
against pneumonia. 

When present, leiioocvtoais excludes, with somewhat less certainty^J 
a considerable clitss of diseases which are not usually accompanied bjr J 
leucocytosis. These are principally typhoid and typhns fevers, m*- I 
laria, acute tuberculous pneumonia, uncomplicated inflnenza, and t)w| 
catarrhal pneumonia of influenza. (Kieder.) 

In proynoein a slight leucocytosis indicates a mild ease, while in se- 
vere cases a low proportion of leucocytes is an extremely un&voratile 
prognostic sign. This fact was first pointed out by Kikodse and v. 
Jalcsch, although snch cases had previously been reported by Halla 
and Hayera. Yet absence of leucocytosis appears not to be so unfavor- 
able as was at first supposed. Out of o? severe cases without leuco- 
cytosis, reported by Halla, Hayem,' Laehr, Ewing, Sadler, Bieganski, 
Zoppert, Turk, BUlings, Cabot, only 44 died, although all of them ■ 
were unusually severe cases. 

The persistence of leucocytosis may be of value in distinguishing J 
pseudo-crises, but Bie^nski, Turk, and others Imve seen the leuco- I 
cyt«s fall during a pseudo-crisis. 

Continuous or increasing leucocytosis after defervescence ofleo indi- | 
cales a relapse or complication. 

The res p{>eii ranee of eosinophile cells indicates that the lesion 1 
passed its acme. 

Bacteriology of the Blood in Pneomooia. — That infection with I 
the pnenmoooccus mayof^en take the form of a general blood infection ' 
is indicated by the clinical course of virulent infections in man and \ 
animals and by the frequent occurrence of the micro-organism In the I 
blood of the cadaver. Similar indications ar<( found in the report by j 
?Jett*r and Levy of finding the pneumocoi'cua in the blood of a dcM \ 
fetus whose mother had died of septicemia, and by the discovery of tbs I 
same germ tn tlie milk of a nursing woman who was attacked by pnea- 1 
monia. (Bozolo.) 

Numerous bacteriological studies of the blood during life have shown 1 
alao tliat in a moderate proportion of severe otwes the pneumococcos f 
may be obtained in culture by the usual prooedore. 
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Sittmann obtained tho litrgcst proportion of positive results, 6 out of 16 
cases exaroiaed, four of whiuh were fatal aud gave aigna during life of gen- 
eral Btpticemia. Bimilar eases of pneumococcus Beptieemia are reported b3^ 
Belfauti, Nctter, Marcfaiafava and Bignami,Go1dscheider, Grawitz, Bacciochi, 
and others, and it hafi become evident that in this group of infections the 
pneumiicoccua is usually to be found in the blood during life. Other success- 
ful results were obtained only a few hours before death from pneumouia, and 
the presence of the pneumococcus in the blood must be regarded as an aiUe- 
morlem invasion. (Boulay.) 

In pure canen of lobar piicfimonia, cultures made a considerable time 
before death have shown that the pneumococcus is rarely present in 
the blood under stich circumstances. Thus Kntus and Kiihnau ' had 
only two positive results in 21 cases, and both were fatal, while most 
of the above writers have reported many more negative than positive 
results. Kohn was more fortunate, finding the pneumococcus in !l out 
of 32 cases. Seven of the nine were fat«l. James and Tuttle had 
negative results in 12 cases, 10 of which were fatal. 

From the^c studies, it may becoocluded that when pneumonia leads 
to metastatic inflammations, the pneumococcus is frequently found in 
the blood ; that in some cases the blood is invaded just before death j 
and that in uncomplicated pneumonia the pneumococcus is rarely found 
in the blood during the progress of the lesion and that when it is pres- 
ent, the disease is usually fatal. 
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Bed Cells. — The a.ncen/raJion of tlir h/o'xl demonstrated to a slight 
degree in pneumonia is even more distinct in Uie highly febrile stage* 
of diphtheria. Grawitz refers the tendency to a lymphi^gic action of 
the diphtheria toxin which he has observed clinically and experimen- 
tally to cause an increase in the specific gravity of the blood. Although 
Bouchut found an average of 4.3 million cells in 93 oases, a distinct re- 
duction, yet many of his obscrvation.s were made late in the disease, 
and individual cases often showed slight polycythemia. Cuffer re- 
ported extreme polycythemia, 7.2—7.8 millions in three cases. Later 
observers, especially Morse and Billings, have closely followed the 
changes in the red cells, finding high normal proportions, 5.1—5.6 
millions during the first week. In the second week Morse found even 
higher numbers, ouce 6.8 millions, while Billings, although finding an 
average loss of half a million cells, encountered some cases with distinct 
polycythemia. With the fall in temperature slight anemia appears in 
many cases, but not in all. Bouchut and Billings observed losses of 2 
million cells iu several cases. 

Morphological changes in the red cells are not marked, but when 
anemia develops there is slight polychromasia and the usual deficiency 
of Hb. Nucleated red cells were noted by Engel. The Hb is slightly 
diminished in the average case, but may be considerably reduced in 
cases which have lost many red cells. Billings found an average losa 
of 10 percent in patients not rec^ving antitozine. 
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The Leucocytes. — Tin; tarly uliservcrs, Bouchut, Cufter, Pee, Halla, 
Limbeck, aud itieder, fully establishetl the presence of leucocytosis in 
diphtheria, but only Boucliut attempted to di'ducc any rules gov- 
erning ita 0(^vurrence. He observed an increase in all cases, usually 
proportionate to the severity of the disease, but in septicemic casus the 
increase was less marked and the prognosis fatal. In view of the 
recent observations of many myelocytes or an extreme proportion of 
lymphocytes in diphtheria, Bouchut's statement that the blood of diph- 
theria may be "leukemic" is not far from the truth. More detailed 
studies were contributed later by Gnbritschewsky, Morse, Kwiug,' 
Billings,'' Engel, Schlesinger, and Fil4. 

The leucocytosis of diphtheria resembles in most respects that of 
pneumonia. It begins very early wheu the dise.asc develops suddenly, 
and reaches its highest point within one or two days, or begins more 
slowly and increases steadily for severul days, or until deatli. It 
probably begins earlier and reaches its acme sooner in more refractoiy 
individuals, with whom the prognosis is comparatively goml. 

The writer ob9erve<l two cases icithout Iciicocytosin until the fourth and 
sixth days. In one of these the condition was [irobably referable to 
pmlouged toxic hypoleucocytosis, and tlie patient died later. Not in- 
frequently the white cells be^n to rise only aAer defervescence, while 
long persistent leucocytosis is also of rather common occurrence. In 
&vorable cast.« the leucocytes usually diminish steadily after the first 
few days. In faial casein the leucocytes may steadily increase or may 
steadily decrease during the days before the fatal issue, or there 
be no leucocytosis. 

Thb hehhit of the LEUCOCyrosia is usually considerable, 
000-^0,000 cells being frequently present in severe cases. The ma- 
jority of fatal cases at some period show l>etween 25.000-50,000 cclb, 
hence the oonclugiun of Gabrltschewsky that a high and progressive 
leucocytosis is a bad prognostic sign. Mild attacks, especially in 
adults, may not show any increase. The writer found 72,000 cells in 
one case with lymphocytosis, while in a peculiar case marked by hemor- 
rhagic eruption Felsenthal counted 148,000 — possibly an agonal 
hyperleucocytosis. The grade of leucocytosis is little affected by the 
fever, but in many cases is proportional to the extent and depth of the 
membrane. It may be distinctly affected by pneumonia, but the 
writer failed to find any uniform lymphocytosis when the cervical 
nodes were greatly enlarged, nor did the character of tlie infection, 
whether pure or mixe<l, appear to influence the leucocytes. (Of. Fil6.) 
In general, the leucocytosis of diphtheria is less marked than that of 
pneumonia with equal temperature, and less than tliat of non-diph- 
tlieritie angina of equal extent. (Fil6.) 

Types of LeucocyUs in Diphtlieiia. — With well-marked leucocytosis 
the polynuclejir nciitrophile eclls are usually much increased in num- 
bers and pro|x)rtions, but they very sehlora reach the very high ratios 
seen in pneumonia, probably on account of the greater tendency of 
ohildren to lymphocytosis. Lymphoffftfu, probably for the some rea^ 
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son, are relatively more abundant. A striking lymphocytosis occurred 
at Uie height of the disease in two of the writer's cases, in one of which 
the lymphocytes, large and small, formed 60 percent of 72,000 leu- 
cocjTtes, and in another, 62 percent of 22,500 cells. In neither was 
there marked enlargement of cervical lymph nodes. Of quite differ- 
ent significance is the relative lymphocytosis without increase in total 
numbers which may be seen in the earlier stages of the disease, and 
was noted by Billings in a fatal case without leucocytosb, and by 
Rieder and Fil^ during convalescence. EosinophUe cells are usually 
reduced in proportions, often persist in low normal ratio, and fre- 
quently cannot be found at all. They are relatively more numerous 
than in pneumonia. 

Engel made the interesting observation that myelocytes, both neutro- 
phile and eosinophile, are frequently present in the blood of diphtheria, 
and that when these cells form over 2 percent, the prognosis is very 
unfavorable. In cases which recovered the myelocytes never formed 
over 1.5 percent, while in 7 fatal cases they ran from 3.6 percent to 
14.6 percent. It should be added that the numbers of myelocytes 
varied greatly from day to day, and that 8 of 32 patients died with 
few or no myelocytes in the blood. 

Degenerative changes in the leucocsrtes in diphtheria are often well 
marked. The " leucocyte-shadows " of Klein are seen in all severe 
infections and may become very numerous in fatal septic cases. Even 
before the cells become fragmented many of them, principally the 
polynuclear forms, show deficiency of chromatin and of neutrophile 
granules. The writer, examining the blood in .6-percent salt solution 
tinged with gentian violet, found a striking deficiency of chromatin in 
a case in which the leucocytosis disappeared before death. In the 
other septic and fatal cases also it was plainly apparent, although not 
demonstrable in less severe infections. This change in the leucocytes, 
which may be seen in other infectious diseases, and especially in acute 
leukemia, must be classed with the general cellular degenerations which 
mark the status infectiosus. Its significance in diphtheria has been 
fully discussed by Gabritschewsky, while Fil6 believes that these pale 
staining cells are necrotic. The writer believes that, with careful 
technique, variations in the staining capacity of leucocytes may be 
made of value in prognosis. 

An increased acidophile tendency of the neutrophile granules ap- 
peared to be demonstrable in some of the writer's fatal cases. Kan- 
tliack has also noted a similar change in the staining tendency of the 
pseudo-eosinophile granules in rabbits which had received small injec- 
tions of microbic poisons. 

Effects of Antitoxine Upon the Blood in Diphtheria. — The red 

cells show no distinct or uniform effects from the injections of anti- 
toxine, although in some healthy subjects there is a moderate reduction 
lasting a few hours. On the other hand the use of antitoxine, by 
limiting the progress of the infection, tends to prevent further destruc- 
tion of blood cells. 
17 



258 PNEUMONIA. DIPHTHERIA. 

Within half an hoar after the injection of antitoxine, the leaoocytes, 
especially the polynuclear forms, if previously abundant, show a 
marked diminution, and in most cases, although the leucocytosis 
returns after 24-48 hours, it seldom reaches its previous grade. 

The writer noted the reduction of leucocytes after antitoxine in all 
but two fatal cases, while Schlesinger found it in all of his examina- 
tions. It has also been noted by Fil6. In the writer's cases the loss 
was from 4,000 to 16,000, but Schlesinger observed a loss of 20,000 
within seven hours after the injection. In some fatal cases the use of 
antitoxine is followed immediately by distiuct hyperleucocy tosis. (The 
writer, Gundobin.) The most favorable cases show a steady diminu- 
tion of white cells after the injection, but in many fatal cases this re- 
duction is interrupted after the third to fourth day. In critical cases 
with many pale staining leucocytes the writer found an improvement 
in the staining quality of many polynuclear cells shortly after the in- 
jection of antitoxine. In some fatal cases this change could not be 
detected. 



CHAPTER XIL 

THE EXANTHEMATA. 

VABIOLA. 

Red Cells. — During the febrile period Hayem found very little 
change in the red cells, while in the stage of suppuration polycythemia 
was sometimes to be noted. Immediately after defervescence, when 
the destruction of blood cells through the septic process was no longer 
masked by the concentrating influence of fever, the red cells showed a 
sudden reduction. In a case of confluent smallpox there was a loss 
of 2 million cells. In a fatal case before death there were 4.6 million 
cells, while in another, markedly hemorrhagic, there were only 2 
millions. 

Pick, from his study of 42 cases, found very little change in the red 
cells throughout the entire course of the disease. He failed to find 
any severe anemia, although many of his cases were hemorrhagic and 
confluent. In severe cases which recovered the red cells remained 
normal before the eruption, almost invariably increased during the 
suppurative stage, even in hemorrhagic cases, and after defervescence 
or before death were rarely found much below their original figure. 

The usual condition of the blood after smallpox appears to be, there- 
fore, a mild form of chlorotic anemia, while under some rather unusual 
conditions this anemia may become severe. 

Leucocjrtes. — Although leucocytosis was demonstrated in the erup- 
tive stage of variola by Brouardel, Hayem, Halla, and Pee, the de- 
tailed knowledge of the subject has been contributed in a remarkable 
study by R. Pick. 

Mild cases of varioloid with scanty eruption ran their course, under 
Pick's observation, with normal or subnormal numbers of leucocytes, 
but when suppuration occurred, the leucocytes were increased, reaching 
in one case 20,000. 

Variola, also, even in high febrile periods of the early stages of the 
most severe cases, failed to excite leucocytosis, up to the day of death, 
showing that this infection when uncomplicated does not tend to excite leu^ 
cocytosis. Secondary infection with pyogenic bacteria, however, in- 
creased the leucocytes after the usual manner, and in nearly all of 
Pick's cases there was well-marked leucocytosis beginning with the 
appearance of the vesicles, increasing as the exudate became purulent 
and reaching its height when suppuration became most active. 

In cases which recovered the leucocytes returned slowly to the nor- 
mal as suppuration subsided. Abscesses frequently interrupted recov- 
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ery and caused marked exacerbations of the leukocytosis. In seven c 
eight cases dying fniiii pneumonia there was a rapid and steady de- 
crease of leucocytes although suppuration continued. 

The grade of leuoocytosis was usually proportionate to the severity 
of the septic process. 

Biological Examinations of the Blood in Variola.— In 18S7 G. PfeifTer 
called ulleiitioQ to the presenue in vaocine lymph of smttll uuicellular ame- 
boid bodies, and tbe followiug year he fouud tliese wune bodies in human 
lymph. These obaervations were soon confirmed by Riedc and later by 
Ogata, who classed tlie twdies as Prolmoa, order Gregarinidtt. 

Ouarnieri, in 1892, hcHeved thai he had cultivated tbe same bodies in the 
epiltielial cella of the rablilt's L-oruea, and although Ferroni and Masaari 
claimed that Quamieri's parasiteti were degenerating nuclear products, sub- 
sequent otMervers have succeeded In verifying Guamiori's conclusions. 

In 1894 PfeifTur reported the discovery of umebie in tbe blood of smallpox 
patients, describing ihem as free in tbe plasma, about one-fourth the size of 
red cells, poBsesslng one or more nuclei, and projecting paeudopodia. 

Weber and Doehle have deDcribed In the blood of measles, scarlet fever, 
and smallpox, several forms of araelwid l>odies wbich they believe to be de- 
velopmenlal sUiges of a parasitic pi-otonoon. 

In 1897 Reed found pigmented amelmid bodies in the blood of vaccinated 
monkeys an<l children, and in the blood of variola, but he found the same 
bodies in normal subjects, and he could not demonstrate any nucleus. 

Eruse, reviewing tbe evidence in 1897, aacribed great significance to Ouar- 
nieri'fl bodies in the epitbolial cells of tbe cornea, believing that they repre- 
sent tbe Urst stage in the solution of tbe etiology of variola, but he did not 
grant equal importance to the bodies found in the blood. 

Widal and Bezanoon are reported to have found streptococci in tbe bio 
of six cases of variola. 

VAOGINIA. 

Sobutka examined the blood of 43 children aft«r vaoonation, mak- 
ing the following observations : 

The red cells and Hb showetl no constant variations, and usually 
remained normal. 

Vaooiuation always caused a leuoocytosis, beginning usually on the 
third or fourth day after inoculation and gradually falling till the 
seventh or eiglith day when the leucocytes were frequently subnormal. 
Fr«m the tenth or twelfth day a wcimdary Icucor^oxU regularly ap- 
peared, lusting two to six days, and showing close relation to the ac- 
tivity of the virus and the number of the pustules. 

The heigiit of tbe fir^t leucocytosis varied between 12,000 and 23,- 
000; that of the second between 10,000 and 17,500; while in the 
intermediate period the cells fell as low as 3,500. In uncomplicated 
oases the lowest figures usually corresponded to the highest tem{)era- 
ture, the leucocytosis preceding by several days the local and general 
nunifeatatioDs of vaccinia. 

VARICEIXA. 

Engel' found 67 percent of polynuclear cells, with absence of eomn 
io a child, at the height of the pustular stage. Three days later, whea-1 
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most of the pustules were healed, the poljniuclear cells had fallen to 47 
percent, and the eosins risen to 16 percent. The total numbers of 
leucocytes were not stated, but the above proportions indicate a mod- 
erate leuoocytosis. 

SOABLET FEVER. 

Hayem gave the first systematic account of the blood changes in 
scarlatina, finding a loss of about one million red cells after deferves- 
cence, and a moderate leucocytosis in average cases, much increased by 
severe angina or by suppurative processes. Somewhat isolated obser- 
vations were reported by many of the earlier blood analysts, Halla, 
Pee, Pick, Reinert, Sadler, while considerable series of cases were 
studied by Rieder and Kotschetkoff. 

The whole blood suffers in a slight degree the usual effects of fever. 
The formation of fibrin is usually increased especially when there are 
extensive angina or suppurative complications. (Hayem.) Heubner 
noted hemoglobinemia in one case, representing the septicemic type of 
the disease. 

Bed Oells. — ^The gradual loss of red cells noted by Hayem was fully 
verified by Kotschetkoff who found a reduction to 3 millions or lower 
in nearly all cases. The regeneration of the blood was slow and com- 
plete only after 6 weeks or longer. On the other hand Zappert found 
less than 4 million cells in only one of six cases, and very slight anemia 
was noted in a considerable number of cases examined at varying 
periods by Leichenstern, Arnheim, Pee, Pick, Reinert, Sadler, and 
Felsenthal. 

Leucocytes. — Kotschetkoff classified the leucocytoses in three 
groups, the mild cases, showing between 10,000 and 20,000 white cells, 
the moderately severe ca^ea, with 20,000-30,000 cells, and very severe 
and usiudly fatal cases with a leucocytosis of 30,000—40,000 cells, 
while in some rapidly fatal cases over 40,000 leucocytes were found. 
Yet Rieder's 10 observations never gave more than 25,000 cells, and 
usually less than 20,000, although some of his cases were complicated 
with pneumonia and croupous pharyngitis, and were fatal. Felsen- 
thal's 6 cases in children were of moderate severity and showed 18,- 
000-30,000 cells. 

The leucocytosis begins 1-2 days before the appearance of the rash, 
reaches its height with or shortly after the full development of the 
eruption, and while in some cases rapidly falling with the eruption, 
usually continues for 4-5 days longer, and very often persists for days 
or weeks after the temperature has become normal. 

The grade of leucocytosis seems in general to correspond with the 
severity of the disease, especially of the angina, but not with the height 
of the temperature. Complications such as lymphadenitis, otitis, 
nephritis, usually have little effect on the leucocytes (Kotschetkoff), 
but Pee observed two cases in which the leucocytosis increased when 
the lymph nodes began to swell late in the disease. Pneumonia caused 
but slight increase in some of Rieder's cases. 
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Types of LeucocTtes. — The perceotage of polynuclear ceils ia in all"" 
cases much increftscd, varyiDg from 80-H8 [wrcent, according to the 
intensity of tlie disease, reacbiag the highest point on the second day 
of the cxaDthcm, and thereafter slowly declining. In fatal cases the 
proportion of polynuclear cells falls hut slightly, or soon regains or 
passes the original figure. 

TKe eoninopkUf. cells vxay show chara(^eriitic variaHonit. In alt but 
very severe cases they are normal or suhnorma! at first, steadily increase 
after 2—3 days, reaching a maximum of 8— 15 percent in the second or 
third weeks, and thereafter declining slowly, reach the normal figure 
about the sixth wei^k. In fatal cases the eosins may disappear early Iaj 
the disease. 

The l_i/mphoct/tai are at first diminished, but later rise to normal pni 
portions. 

The above rules deduced by Kotschetkoff, while probably represeot- 
ing the average case, are not always applicable. Thus Weiss found no 
eosins in one case at the height of the exanthom, Rille observed 
marked eosinophilia in a fatal case ; Bensaude observed as high as 20 
percent of eosins in one instance ; Kleiu reports lymphocytosis during 
convalescence ; and many writers (Rieder, Turk) have described a high 
persistent leuoocytosia, especially in those cases followetl by nephritis 
or other complications. Turk has called attention to the remarkable 
change which the leucocytes undergo about the fifth day of the disease, 
when the polynuclcar cells rapidly diminish and eosins and lympho- 
cytes rapidly iiicreaw. This "secondary leucocytosis " he likens to 
the somewhat similar phenomenon seen in variola. 

Bacteriological. — Raskin found Streptococciu pgo<ifne» in the circu- 
lating blood in 2 of 64 cases, while all other culture was sterile.— 
Negative results were obtained in 2cases by Sittmann and in 4 cases b 
Kraus. 

MEASLES. 

The red cells have been found in the great majority of oases to eulE 
little or no change, but a loss of Kb is usually demonstrable afler def>'I 
ervescence. 

In adulLs, uncomplicated measles never causes leucocytosis but tsj 
cbanu^terized rather by hyjKileucocytosis, reaching in one of Rieder't l 
cases 2,700 cells. From 4,000 to 6,000 cells are commonly eeen. 
This fact was first noted by Pee, and has been confirmed by Pick, 
Rieder, Rille, Felsenthal, and others. 

Normal or slightly reduced numbers of white cells are found at th» J 
onset of the disease. At the height of the exnuthem they are usually] 
*t their lowest figure (Pee, Turk), and return to the normal within ftS 
few days or a week after defervescence. When the bronchitis is » 
there may be a moderate leucocytosis, Hayem finding 10,000-14,0 
cells in such cases occurring in children. Rieder observed slight li 
oocytosis in a case complicated by catarrhal pneumonia. Cabot < 
served 9,000 cella in two cases, one hemorrhagic. The writer fouodl 
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no leaoocytosis in three cases occurring in malarious subjects. The 
malarial parasites reappeared, with chills, during convalescence. 

The proportions of the various leucocytes show no distinctly ab- 
normal variations. Turk found a rather high percentage of poly- 
nuclear cells during the fever, with diminution of small lymphocytes. 
Pee, Klein, and Turk noted an excess of large mononuclear cells. 
The €081718 are usually in low normal proportions during the early fe- 
brile period, but tend to diminish as the eruption declines. Yet Turk 
found nearly 5 percent during the second week of the disease. 

Bacteriological examination of the blood was negative in 
10 cases examined by Barbier. Weber claims to have found in the 
blood of measles a protozo5n, which he has also seen in variola. 

Applications in Diagnosis. — Typical cases of measles and scarlet 
fever may sometimes be distinguished from each other in their early 
stages by the examination of the blood. Yet as Turk says, ihe blood 
in mea8le8 strongly resembles that of a mild scarlatiruiy as both show a 
nearly normal number of leucocytes and normal proportions of eosins. 
Yet equally severe constitutional disturbance should give, on the second 
to third days, leucocytosis, if scarlcUinaly normal or diminished leucoeyteSf 
if from measles. 

In Gterman measles there was no leucocytosis in 2 cases men- 
tioned by Cabot. 




The whole blood ooramonly Buffers ooncontration in tho early 
stages of the disease as a result of tlie febrile process, while ut any 
period profuse diarrhea and re[»eated hemorrhages considerably reduce 
the total bulk. This ooncentralion is so marked aud constant that the 
deep red appearauce of the blixid drop in typhoid fever is a very char- 
acteristic differential si^n between this disease and pernicious malaria. 

Fibrin formation is usually deficient and may not be demonstrable 
at all, but with inflammatory complications this element may reappear 
and become abundant. (Hayem, Turk.) 

Red Oells. — During the febrile period the red cells usually show a 
slight and gradual decline. Yet tlie initial concentration of the bliKxI 
often yields moderate polycythemia during the first two weeks or 
longer, so that the slight anemia is not to be noticed till the fever and 
diarrhea subside, (Sadler, Felsenthal, Thayer.) Even when distinct 
polycythemia does not result the same factors tend to keep up the pro- 
ponion of red cells, so that in the vast majority of cases of typhoid 
fever the red cells fall within normal limits, aud the presence of slight 
anemia can be demonstrate<l ouly by following the case from the firtft. 
Accordingly, nearly all observers have reported over 4 million red 
cells, and many over 5 millions during the febrile period. 

Tub Hb suffers to a greater extent, and in spite of the concentra- 
tion of the blood most febrile cases register between 70 and 80 per- 
cent of Hb. Severe diarrhea »r long hemorrhages may at any time 
cause marked oscillations in the red cells and Hb, After, and often 
before defervescence, the blood may show distinct anemia, which with 
rapid defervescence may appear suddenly. (Arnheim, Zaslein, Boe(dt>^ 
man, Laache.) During convalescence the anemia slowly diaap) 
the Hb being restored much later than tho red cells. 

The grade of anemia observed after typhoid fever varies greatly with 
the character of the disease, Uocompbcatcd cases may show no dis- 
tinct reduction of cells and very slight loss of Hh. In a considerable 
proportion of severe cases the red cells fall below 4 millions and the 
Hb lielow 70 percent. Kohler in 20 cases found an average loss of 
19,4 percent of Hb in men, and 20,4 percent in women, while tlie 
average of red cells for men was 4.0'! millions, and for women 3.58 
millions. Ilayem, Thayer, Henry, and others have reported severe 
grades of pernicious anemia as sequeltc nf typhoid fever. In one of 
Henry's case« there were only 804,000 red cells- 
Mo Ri'UOLooicAL CHASniJS are usually not marked, but in severe 
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cases Turk found megalocytes, small microcytes, and polychromasia, in 
oomparative abundance. Nucleated red cells may appear after hem- 
orrhage. 

Leucocytes. Numbers. — In the first week uncomplicated cases 
nearly always show a normal number of leucocytes, but severe angina, 
bronchitis, enteritis, etc., may yield a moderate polynuclear leucocy- 
tosis. Klein and Aporti regarded this initial leucocytosis as of fre- 
quent occurrence, but most other observers have failed to encounter it. 
The writer has seen some examples. 

In the second week the leucocytes usually show a distinct reduction, 
especially of the polynuclear forms, but the number of leucocytes found 
at this time is by no means constant. 

In some cases the lowest figures of the disease are reached in the 
second week ^Turk, Chetagurow), while in others there is no distinct 
reduction at tnis time (v. Jaksch,* Sadler). 

In the third and fourth weeks the leucocytes usually continue to 
diminish until the acme of the disease is reached (Turk), after which 
they slowly increase. In many cases the lowest figures are reached at 
this period (Rieder, Turk, Thayer), but sometimes the reduction con- 
tinues till after defervescence (Klein). 

A relation between the leucocytes and the fever seldom exists nor 
does the size of the spleen appear to influence the number or type of 
the leucocytes. (Turk.) That the reduction of the white cells is de- 
pendent on the action of the typhoid toxine is indicated by the further 
losses which commonly go with unfavorable turns in the disease. 
(Rieder, Jez, Turk, Nagaeli.) It w therefore a general rule that the 
more severe the typhoid intoancation the lower is the count of leivcocytes. 
The reduction is seldom below 2,000 cells, but 1,000-2,000 were 
reported by Hayem, Limbeck and Rieder, Cabot, and Kohler. In 
Thayer^s cases the lowest weekly average was 5,877, and was obtained 
in the fourth week, but the majority of cases at some periods show be- 
tween 4,000 and 6,000 cells, and many fall below 4,000. 

Leucocytosis during the course of typhoid fever is by no means 
uncommon. Usually a severe diarrhea from extensive ulcers, or hem- 
orrhage, or pneumenia, or other exudative or suppurative complica- 
tions, may be found to explain the increase. Yet several reported 
cases with leucocytosis have shown no such complications (Aporti), 
and a short experience at the bedside seldom fails to bring to light 
some moderate leucocytoses without apparent cause. On the other 
hand leucocytosis may fail in the presence of pneumonia or other 
markedly exudative complications. (Turk, the writer, Cabot.) Kohler 
found 6,200 and 4,200 leucocytes in cases complicated by severe 
bronchitis. After hemorrhage in one case the white cells remained 
at 2,600, in two othera there was an increase of about 4,000 cells. 
Complicating pneumonia once reduced the leucocytes from 2,600 to 
1,000, at another time they remained at 6,300, and twice 11,200 and 
11,800 cells were counted. (Kohler.) 

Cold baths have long been known to cause temporary massing of 
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leuoooytesin peripheral capillaries. (Wicternitz.) In 20 cases TliayerT 
found an avenig« increase of 5,346 cells, and a maximum increase o 
17,000. With the return of peripheral circulation the excess of c 
disappears. 

PerforaJion usually causes polynuclear leiicocytosis but there may b 
no effect iipoo the leucocytes, or the percentage of polynuclear a '" 
may rise without increase in their total number. 

Types of LeucocTtos. — During the first week of the disease the p 
sistence of a uurmal proportion of lymphocytes without increase of n 
trophile cells is a very characteristic feature of typhoid blood. Bar- 
ring the occai^ioual occurrence of initial polynuclear leucocytosis, fmm ' 
the end of the lirst week there is a progressive increase of the lympho- 
cytes and diminution of the ncutrophile cells. At first the lympho- 
cytes do not pass beyond high normal limits, but during the third, 
fourth, and filth weeks, or later, they usually occur in distinct excess. 
While mononuclear cells seldom fall below 30 percent at any stage of 
* the disease a proportion of 40—60 percent is then seen. Among these 
cells the proportion of small lymphocytes is often striking. In soma J 
cases there is a very marked absolute lymphocytosis. In one of t 
writer's cast's at Montuuk, the blood resembled that of lymphatic lea-', 
kemia, a resemblance renderetl still morestriking by the enormous size of 
the mesenteric nodes at autopsy. With the increase of mononuclear 
cells the numbers of polynuclearcells gradually fall, reaching 50 percent 
in most cases and occa^^ionally a much lower figure, (.'lo percent, Jex ; 
20 percent, Klein.) The excess of lymphocytes usually ]>ersii:it8 during 
the first weeks of convalescence and may not reach its acme until this 
time, while Ouskow found that normal relations were not restored till 
the tenth or eleventh week, Nagaeli describes the development during 
convalescence, especially in children, of a well-marked lymphocj-tosis 
with a moderate increase of ncutrophile ce\h. In children this lym- 
phocytosis was most marked '2— 't months alVer the fever, while in adults 
it was less marked and disappeared by the end of the second month. 

Bomn» are usually absent or very scarce during the febrile period, 
but reappear shortly before (Nagaeli), during, or after defervescence. 
Aporti found as high as 18 percent during the intermittent pyrexia at 
the end of the disease, but they are usually much less abundant. 

Dege/ierative clmngte in the leucocytes occur as usual, Jez reporting 
large numbers of pale leucocyte-shadows in severe cases. Glyoog«a ■ 
was found in the leucocytes in increased quantity between the twelfUliI 
and twentieth days by Livierato, 

Applications in DiaKnosis. — The morphological examination of tlie 
blood is oflen of great assistance in the diagnosis of typhoid fever and 
the diseases which simulate it. The writer knows of no clearer illus- 
tration of this fact than those which he reported ' En 1893, and which 
have been paralleled from numerous later observations and by manj 
writers both before and since. 

Huppurative procemm, if active, may usually but not always, be dis- 
tinguished from typhoid fever by the presence of polynuclear leuoooT^ a 
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tosis. Yet it should be remembered that slow suppuration, or the 
mere presence of pus the secretion of which has ceased, are frequently 
unaccompanied by leucocytosis or are even marked by relative lym- 
phocytosis. Thus the writer found 50 percent of lymphocytes among 
11,000 cells in a case of large abscess of the liver with mild typhoid^ 
symptoms, and 45 percent of lymphocytes among 7,000 cells with the 
chest full of pus. With increasing experience therefore, the writer 
believes that most careful observers will recognize the partial justice 
of Grawitz's claim that in difiScult cases the blood examination here 
often fails to be of service. 

Among the conditions which, by the almost invariable presence of 
leucocjrtosis, may be distinguished from typhoid fever, are bacterial en- 
docarditis, suppurative appendicitis, and pneumonia. Malaria of suf- 
ficient gravity to simulate typhoid fever can nearly always be distin- 
guished by the anemic appearance of the blood drop as compared with 
the deep red concentrated blood of typhoid fever. An astonishing 
change in the blood was often noted at Montauk when typhoid fever 
developed in subjects of malarial cachexia, and in no instance were 
malarial parasites found in such concentrated blood. In acute par- 
oxysms the discovery of the parasite is usually possible, but chronic 
malaria without parasites in the blood may simulate typhoid fever. 

Between miliary tuberculosis, typhoid fever, and some forms of 
meningitis, Widal's test is required and the enumeration of leucocytes 
is of little value. 

From an extensive study of the leucocytes in typhoid fever Nagaeli 
draws the following conclusions regarding prognosis. The prognosis 
is favorable : (1) When eosins are present at the height of the disease, or 
reappear in the second or third stages of the febrile period. (2) When 
lymphocytes begin to increase after the severest toxemia is past. (3) 
The diminution of neutrophile cells is slight only in more favorable 
cases. Unfavorable signs are : (1) Very small numbers of all varieties 
of leucocytes. (2) Failure of leucocytosis with complications. 

Bacteriological. — In the hope of developing a method of early 
diagnosis of typhoid fever many biological studies of the blood have 
been undertaken. Aspiration oj the spleen has given successful results 
in the majority of cases (Chantemesse and Widal, Redtenbacher, Lu- 
catello, Neisser, Bruschettini), but this dangerous procedure cannot be 
generally adopted. Yet the results of Silvestrini who found the typhoid 
bacillus in the aspirated blood of the spleen in four cases in which there 
were no characteristic intestinal lesions are most suggestive. 

In blood drawn from the skin or rose spots, negative results were ob- 
tained by Chantemesse, Widal, Janowski, Merkel, Seitz, Lucatello, 
Urban, and small proportions of positive results have been secured by 
Rutimeyer, Wiltschour, Frankel, Grawitz, Menas, and Menzer. About 
50 percent of successful tests were made by Sudakoff and Thiemich, 
while Neuhaus* has recently succeeded in cultivating the typhoid 
bacillus from the rose spots in 13 of 14 cases. 

In the circuktting blood during life the typhoid bacillus has been ob- 
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tained in one case each by Pasquale, Tbieuich, Blocb, and Kraus, toA 
twice by Ettliuger and by Stern. Kuhnau secured 1 1 positive cultures 
in 41 cases, examining blood drawn from the basilic vein, at the acme 
of the disease. Of 3H cases examined by James and Tuttie there were 
3 positive results, one only proving fatal. 

Oo the other hand, entirely negative results in about 40 cases are re- 
ported by Ncuhaua, Ettlinger, Frankel, Klein, Bloch, and by man^ 
otiiers. 

That the disease may assume the character of a mixed septicemia 
indicated by a considerable number of reports of the presence in 
blood of other bacteria, especially Slaphylococoig aureus. (Loisson, Sitt- 
mann, Kraus.) 

From the above synoijsis of the work in this Geld, it appears that 
baoteriol(^ieal blood -an a lysis in typhoid fever can have only a verj- 
limited clinical application. While the results obtained from the aspi- 
rated blood of the spleen are usually successful, and Silvestrini's re- 
port of finding the Bacillua tj/phoniis in the spleen when charactenstic 
intestinal lesions were absent is very suggestive, yet this procedure is 
too dangerous for general use. 

In the examination of the Mood drawn from the rose spots negative 
results thus far outnumber the positive, although Neuhaus' recent re- 
port is encouraging. Kuhnau's rather numerous successful cultures 
from considerable quantities of the circidating blood are the most 
fiivnr.kble yet ret'ordcd. 

While not widely applicable in diagnosis the bacteriological ex- 
amination of the blood has, however, greatly extended our knowledge 
of the morbid processes concerned in typhoid fever. 
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CHAPTER XIV. 

WIDAL'S TEST. 

The history of the development of WidaPs test from the discovery 
of the phenomenon of Pfeiffer in 1894 through its first application to 
the diagnosis of typhoid fever by Pfeiffer and KoUe, and Gruber and 
Durham, in 1896, up to its more practical modification by Widal, has 
now been very fully reviewed in numerous monographs and treatises 
on bacteriology and need not here be repeated. It may only be said 
that while the scientific basis of the test had been firmly laid by 
previous studies, up to the time of WidaPs communication there had 
been no indication that the specific reaction could be obtained from 
small quantities of serum and at the beginning of the disease, while 
the use of dried blood and the introduction of the test into municipal 
laboratories, thus rendered possible, was first accomplished by John- 
ston of Montreal. 

Description of the Reaction. — When to a few cubic centimeters of 
blood serum of a patient suffering from typhoid fever is added a few 
drops of an actively motile culture of Bacillus typhosus, the bacteria 
are precipitated in flakes, leaving the supernatant fluid clear. When 
the sediment is examined microscopically it is found that the bacilli 
have lost their motility and are agglutinated in masses, w^hile with 
very intense reactions they may be broken up into granules or even 
completely dissolved. When the test is performed with a drop of dis- 
solved blood inoculated by means of a platinum loop with a small por- 
tion of broth culture, all stages of the reaction may be followed under 
the microscope. 

With very intense reactions the agglutination is found to be complete 
as soon as a cover-glass can be adjusted over the drop and the specimen 
placed under focus. The bacilli are motionless, they are nearly all 
gathered in characteristic clumps, which stretch in a network irregu- 
larly through the field, and very soon, in some cases, evidences of sub- 
division or solution of the bacteria mav be detected. 

If the reaction is less complete, the clumps are less compact and a few 
motile bacilli may be found between the masses. With high dilutions 
of the blood, all stages of the reaction may be followed. The first 
change noted is a partial loss of motility. The bacilli cling to one 
another after struggling to free themselves, but gradually entangling 
their neighbors. In the course of ten or fifteen minutes the process 
results in the gradual clumping of all bacilli, or, according to the 
strength of the reaction, a variable number of actively motile bacilli 
may remain between the loose masses. 
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When the reaction In present in (races oniif, much longer time is r»- - 
quired for the appearance of small clumps, but these reactiniis must be 
discarded as nnrcliable. All experienced observers have insisted that 
distiuct islands of clumped bacilli must be prest^ut to coniititutv u posi- 
tive reaction, and Fmcher and other* imiiniain that all bneilli inunt h« 
rendered qukacent before the result can be regarded as posiHre. 

PaEDDO-REACTloNs. — While portiul reactions occur under nmny 
conditions when the t(H;hniitue has been faultless, corlain efTects simu- 
lating the true agglutination may appear in specimens containing not 
a trace of the specific principle on which the test depends. In aid 
oultarcs many loose clumps of bacteria may be transferred by the loop 
from the culture tube and be mistaken for an effect produced by the 
serum. Normal, blond or senun, in somewhat concentrated form, exerts 
a marked influence upon the motile typhoid bacillus, causing it to lose 
its motility after a time, but failing to develop typical clumps. If the 
specimen has been nllowal (o dry many bacteria adhere to slide or cover- 
glass or gather at the thickening edge« of the specimen and sometimes 
these collect in motionless groups. Such clumps always lack the re- 
ticular arrangement seen in the true reaction. A considerable variety 
of confusing appearances will meet the beginner, resulting from the 
Joiinaiion o/JUirin and (Af incomplete sohiiion nf masses of red ceils. 

Teciinics: Methods of Obtaining the Bod7-Flnid. — Although specific 
reactions have been obtained from many secretions, excretions, and 
other fluids of the body, only tlic blood, its seruui expressed from the 
clot, or the fluid gathering in blisters, yield sufficiently constjint results 
to be available in clinical diagnosis. 

The Whole Blood. — When the examiner can reach the bedside 
there is no bctt«r method than to employ the whole blood diluted in 
known proportion by distilled water. In order to obtain an accurate 
dilutiou a medicine dropper may be graduated in one and ten or twenty 
drop marks, as suggested by Cabot, but such dilution cannot be very 
accurate. The writer has long used for this purpose the leucocyte 
pipette of the Thoma-Zeiss hcmatocytometer, which gives an exact 
dilution of 1-20, or 1— 50. or more, and which is itaelf a very conve- 
nient instrument for handling the blood. Levy and many others have 
devised special tubes adapted to this purpose. The chief objection to 
this method is the failure of the blood to completely dissolve in dilu- 
tion of 1—20, or 1—50, of water, but no other method can furnish more 
exact dilution, which is essential in accurate work. This difficulty 
may be avoided by laying the pipette on the side until the corpuscles 
settle. 

Blood dried on a glass slide and dissolved by mixing with water is 
now used in probably 90 percent of all examinations. One or two 
dropiare touched to a clean gla^ slide and dried in the air. Such a 
specimen protectcl from moisture may be kept for days, transported 
for long distances, and being easily obtained, even by the patient hira- 
eeir, furaiahos by far the most practical method uf obtaining the neces- 
sary material for the test. Its great disadvantage is the impoasibiiiQr 
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of securing an exact dilution of the blood when it is redissolved. This 
difficulty, while theoretically insurmountable, proves to be of compara- 
tively little moment in practice, since an experienced worker can learn 
to control the dilution by the color of the drop. Also, when imper- 
fectly dissolved the detritus of red cells may obscure the field, although 
it should not fail to be distinguished from masses of bacilli. 

Some observers have found less powerful and constant effects from 
dried blood than from serum (Widal, Delepine, Johnston), but for 
diagnostic purposes Park finds the two methods of nearly equal value. 
Nevertheless, for accurate studies of variations in the reaction, the use 
of dried blood is inapplicable, although it will probably always remain 
in extensive employment for simple diagnostic purposes. 

Serum. 1. The Bulbed Tube. — A capillary tube with central bulb 
is filled by capillary attraction from the* expressed drop, the ends are 
fused, and when the blood coagulates a few drops of serum are exuded. 
A great many modifications suited to individual purposes have been 
suggested for this method. It offers considerable technical difficulties, 
but furnishes serum without delay. 

2. The Blister. — Serum may be obtained by means of a Spanish fly 
blister in from 6-18 hours and in quantity sufficient for extended ex- 
amination, without involving much pain or inconvenience. The fluid 
may be drawn in a sterile test-tube and afterwards divided in meas- 
ured quantities, or it may be sealed in a capillary tube. For detailed 
study blister-serum is superior to all other fluids. For measuring 
serum the "mixer" of the hematocytometer is well adapted, and the 
test may be performed in the hanging drop or in the test-tube. 

The Oolture. — Considerable difference in the response of different 
cultures of bacilli have been demonstrated by Kolle, Achard and Ben- 
saude, Durham, v. de Velde, and Ziemke. Although Foerster found 
very little difference in a considerable series of cultures, most ob- 
servers agree that attenuated cultures are more oflen agglutinated by 
normal serum in considerable dilution (1-10 ; 1-15). It appears that 
for each culture there is a limit beyond which normal serum is posi- 
tively inert, while at the same dilution typhoid serum exerts a specific 
action. (Foerster.) While any pure culture may be used, the best 
results have been obtained in New York City by a so-called " Pfeiffer 
specimen" imported by Park. A stock culture of this particular 
growth is kept in sealed tubes of nutrient agar in the ice chest and re- 
planted every few months. From this growth the specimen employed 
in testing is obtained in broth culture grown for 24 hours at a temper- 
ature of 35° C. In such broth cultures the bacilli are completely iso- 
lated and actively motile, so that the slightest change in motility or 
tendency to clump can be detected by comparison with a control 
specimen. 

Dead Bacilli. — Widal first observed that cultures of typhosus 

which had been killed by heat (57-60° C, 30-45 minutes) had lost 

little or none of their capacity to agglutinate, and this fact has been 

abundantly attested by others. Many have therefore preferred to use 

18 
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ft dead culture killed by beat, or by 10-pcrcent formalin, or by thj- 
or by corrosive sublimate 1,000—5,000 (Park), thereby dispeiii 
with tlie trouble of preparing a freali culture. Such an expedi 
however, can hardly meet with general adoption, on account of 
difficulty of keeping the dead bacilli well isolated, and l>ecause 
gradual loss of motility is a desirable and reassuring feature of the 
in mild reactions, which are just the ones In which uncertain din 
signs render a positive test most desirable. 

Attenuated cultures have been reconimendeiJ by Johnston, who 
found that in using dried blood peeudo-reiiclione< were not infrequent 
with active virulent cultures, while broth cultures planted from old 
agar stock were less susceptible and did not resjiond to healthy or non- 
typhoid sera. Otliers have failed to find this advantage in attenuated 
cultures, which have not come into prominent use with either dry blood 
or serum. 

Degree of Dilation of Serum and Time Required. — Although it baa 
been believed that the serum reaction in typhoid fever depends on tiw 
presence in the blood of a peculiar substJtuoi' which exerts a speci6c 
action on the ty]>hoid bacillus, yet it has been found that in a consider- 
able proportion of cases healthy serum, or that of patients suffering 
from other diseases, oontains substances which exert a very simili 
fluence upon typhoi<l cultures. Jn typhoid fever, however, Ihe i 
may tmiaJly be diluted 20 to 50 fimai, or i>ficn very muck further (J, 
S,000, H^ic/w/") vriUioui dafroying the rftidion, tchile in other disfomm 
reactuma umiaUy disappear with dilntiona of 1—10, or almost eertainiy^ 
witli dilitHirris of ISO. i 

The elemeitt of Hmf is also of great importance in distinguishing tlie 
specific typhoid reaction from that produced by other sera. While • 
distinct reaction often oiTurs instantly with typhoid serum, blood of 
other diseases almost never acts immediately but requires one-half to 
one hour or longer to disi'loae its effects. 

Consequently, in order to demonstrate the s^tecific typhoid reaction 
it is necessary to increase the dilution and to limit the lime. 

" The results obtained in the New York City Health Department 
laboratories, and elsewhere, have shown that in a certain proportion of 
cases not typhoidal, there occurs adelayed moderate reaction in a I— 10 
dilution of serum or blood ; but very rarely, if ever, excepting in ty- 
phoid fever, does a complete reaction with tliis dilution occur within 
five minutes. When dried blo(jd is used, the slight tendency of non- 
typhoid blood in 1-10 dilution to produce agglutination is increased by 
the presence of fibrinous clumps and perhaps by other substancea do- 
rived from disintegrating red cells. From many cases examined by 
Fraenkel, Stein, Foerster, Seholtx, ourselves, and others, it has been 
found that m diliUion of 1-20 w muri; a dicidrd tptii-t reiicliuri w never 
produced by any febrile diseoM other than typhoid infeetion, in trhifJi it 
often occur* in dilution of ISO." (Park.) 

Yet even this dilution appears insufficient to eliminate all sources of 
error, and there haa been a constant tendency among exjterienced 
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workers to increase the grade of dilution. Grunbaum placed it at 
1-30 ; Simon, at 1-30 or more ; Stern, after a large experience, at 
1-40 ; and Mewius, at 1-60. 

From these authoritative opinions it becomes necessary to prescribe 
a dilution of at least 1-20, better 1-30, while the limit of time should 
not be greatly extended. Even these limits will be found insufficient 
to avoid all possible error, and in doubtful cases one should use a dilu- 
tion of 1-40 or 1-60, increase the time to one or two hours, and re- 
quire a distinct result. 

Occurrence of the Reaction. — Statistics vary considerably regard- 
ing the dates of occurrence and the constancy of the reaction in typhoid 
fever. 

Cabot collected over 3,000 cases of supposed typhoid fever, of which 
95 percent gave the reaction at some period of their course, while in 
2,500 control cases, not typhoid, 2 percent gave positive reactions. 

Park reports positive results in a large series. 

During the Ist week, in 20 percent of the cases. 

<( (( Q^ << (( OQ tl <( (( H 

*' ^* 4th *^ *' 90 '' ** '* *^ 
'' '' 2d month," 75 " " ** " 

In 88 percent of hospital cases in which repeated examinations could 
be made, a definite reaction was obtained at some period of the disease. 

The earliest date of appearance of a positive reaction has not been 
and can not well be determined in the human subject, but in animals 
inoculated with dead typhoid bacilli the reaction appears between the 
third and eighth days. In man a positive reaction has been found by 
Johnston and Taggart, and by Fraenkel, on the second day, but the re- 
actions were not sharp. Levy found the first distinct reaction on the 
sixth day in the human subject inoculated with dead typhoid bacilli. 
It may be found before the appearance of rose spots, splenic tumor, or 
the diazo reaction in the urine. During the course of the disease the 
reaction may continue without interruption, or may be absent one day 
while present the next. It may be absent entirely in mild cases, may 
appear only in a relapse (Lichtheim, Breuer, Thoinet), may disappear 
entirely after a few days (Elsberg), or may persist for months or even 
a year. Incomplete reactions have been reported after many years. 
(Stewart.) It not infrequently appears for the first time during con- 
valescence or may exhibit a sudden increase at this time. According 
to Widal, in the majority of cases the reaction disappears by the fif- 
teenth to thirtieth day of convalescence, but Stewart believes that it 
persists at least one year in 50 percent of the cases, for two years in 
25 percent, and for ten years in 5 percent. His conclusions can only 
apply to very indistinct reactions. 

Relation of the Reaction to Other Features of the Disease. — In some 
cases the reaction is most intense at the height of the disease, as in cases 
boserved by Jemma. Widal and Sicard, who found that in the active 
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Btagc a dilution of l-SO or 1-80 does not usually prevent the reactJOQ, " 
noted a marked weakening as convalescence proceeded, some cases fail- 
ing to react with dilution of 1-10, They noted a reacUon in one case 
with a dilution of 1,000, or 12,000, Foorster, who found a reaction 
in dilutions varying from 1-60 to 1,0()0, or 5,000 could not detect any 
relation between the intensity of the reaction and the severity of the 
disease. Pfeiffer and Kolle, and Foerster have shown that theag;glu- 
tinating power has no relation to the bactericidal activity of the serum. 
Effect of the Typhoid Serum Upon tlie Oolon Bacillus. — Although 
Fraenkel in a lai^ scries of cases reported that typhoid serum has no 
marked power to agglutinate the colon bacillus, and recommended the 
use of this serum in the separation of oolon from typhoid bacilli, this 
claim has not been verified. Stern and Biberstein found, very shortly, 
five ca-ses of typhoid fever of which the blood serum a^lutinated tlie 
oolon bacillus even more powerfully than the typhoid, and many other 
observers, including Park, Ilodet, Courmont, Ustvcdt, Beneaiide, and 
Kuhnau, have had similar experiences in many cases. Baumgarten, 
therefore, concludes that this method can no longer be accepted aa 
positive proof of the identity of BncUliui coli communis. It nevcrtlie- 
less remains true that a germ which on cultural characters falls be- 
tween the typhoid and colon groups, is almost certainly coli communin, 
if it is not agglutinated by u well-t*stcd and active typhoid serum. 
The possibility that infection by the colon Itncillus is intermingled 
with (but of lint^llliui li/phoswi in enteric fever has been abundantly con- 
sidered by several writers. The safest method of identifying the colon 
bacillus is not by the serum of a case of typhoid fever but by the sernm 
of an animal which has been inoculated with a pure culture of BadUua 

KeoctiouB in Ooadittons Other than Tn>hoid Ferer. — In view of tluil 
fact that positive rractions have been obtained both with healthy senuA J 
and in diseases other than typhoid fever, when a dilution of 1-10 -v 
uaed, many observers have recommended that higher dilutions only b*4 
emplnyed. Thus Schnltz obtained complete reactions in 11 of 100' 
oases of various febrile diiteases with a dilution of 1—10 ; in 7 cases, 
with a dilution of 1-1,5 ; and in 'A, with 1-20 ; while a faint response 
followed a dilution of 1-25 in a single instance. The time limit, 
however, was 1-2 hours. In single cases complete reactions wltli di- 
lutions of I-IO or more have now been rejmrted in so many cases tbtt ■ 
it is no longer possible to refer the results to faulty technique. 

Some ofthej<e conditions are as follows: Septicemia(Fern)nd), malarift 
(Bloch, Villier, Catrin, and the writer), pneumonia (Kasel and Mann), 
tuberculosis (Wesbronk, Joz, d'Espine), otitis (Stern), influenza (We»- 
brook), typhus (Park), meningitis (v. Oordt), normal serum (Kuhnau). 

In many of these cases the dilutions were from 1-10 to 1-30, c 
more, and the clumping was prompt and complete. 

Negative results in undoubted cases of typhoid fever are reported b 
many observers. 

Stewart, using dry blood in 53S cases, found typhoid lesio 
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topsy in five which failed at three periods during the disease to give a 
positive reaction. Thompson also reports 6 negative results in 163 
cases^ while a slight reaction was obtained in 12 percent of various 
conditions other than typhoid fever. Ustvedt encountered a peculiar 
epidemic of typhoid fever among soldiers in which 4 of 15 cases 
failed to yield a reaction. Total failure of reaction, under full pre- 
cautions, is also reported in single cases by Artaud, Haushalter, Schu- 
macher, Fisher, and others. 

Value in Diagnosis. — The difficulty in determining the value of 
Widal's test in diagnosis arises principally from the divergent opinions 
regarding the essential features of a complete reaction. Although the 
belief in the specific quality of Widal's reaction has been abandoned, 
the test remains an extremely valuable diagnostic procedure under 
several conditions. 

It must be granted at once that absolute certainty cannot be ascribed 
to any test unless the dilution has been very high, certainly not less 
than 1 to 60, with a time limit of not more than 15-30 minutes. 

A positive result with much less dilution (1-30) must stand as al- 
most certain evidence that the disease is typhoid fever. Such results 
are usually obtainable, however, only after the disease is well estab- 
lished and its clinical symptoms distinct. Accordingly, the chief value 
of the test lies in its capacity to distinguish, during the height of the 
illness, certain conditions such as acute gastritis, tuberculosis, menin- 
gitis, and pneumonia, which may simulate typhoid fever. 

The application of the test in the early diagnoms of typhoid fever 
has, in the experience of most observers, proved disappointing. It is 
rarely to be found until other signs render the diagnosis very probable, 
when the blood test may oft;en be added, as any other isolated clinical 
symptom, to the evidence for or against typhoid fever. 

The writer believes, however, that the combination of an indistinct 
serum reaction, diminution of fibrin, absence of leucocytosis, and 
presence of relative or absolute lymphocytosis, can almost never be 
demonstrated in the early stages of any obscure febrile disease except 
typhoid fever. The morphological examination of the blood is, therefore, 
a valuable adjunct and control in the application of Widal's test, and 
the writer believes that in doubtful cases it should never be omitted. 

Negative results are of very moderate import until the third or 
fourth week, and unless often repeated, while some reported cases, 
oft^n fatal, have failed at any time to yield the reaction. 

Summary. — The most reliable method for clinical purposes is the 
use of fresh blood diluted with water in a graduated pipette, and in- 
oculated as a hanging drop preparation. Blood or blister serum should 
be employed for more extended study, while the use of dried blood, 
sometimes necessarj'^, gives very slightly less reliable results. 

The culture should be grown in broth at 36° C, 24 hours old, 
actively motile, and of moderate virulence. A recognized brand 
should be obtained if possible, and the behavior of all newly isolated 
cultures should be tested before use. 
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A p'lx'dive reaeiinn (loasiats ia the complete immobilization of all \ 
bacilli and the ci>nipact clumping of the ^ivat majority. 

A tiiite-iiiailof five minutes ia all that ia Docessary, with diliitionfl of 1 
1 to 20, in the ^reut majority of pi»itive reactiou.s. With higher dilu- ' 
tion (1 to 40) the time may be extended to ^0 minutes, and with dilu- 
tion of 1 10 60, to "2 hours. (Mewius.) 

A dilution of at least 1 to 20 ia required in all positive reactions, 
with which, however, occaaional errors will occur. Dilutions of I to 
30, or I to 60, are to be strongly rcconimended, for the higher the di- i 
lution the more certain are all positive results. 

A negative result is of little import unless obtained during the 
height of the disease (third to fifth weeks) and on repeated examina- 
tions. In the great majority of cases the reaction disappears within a 
few weekaafteroonvalcscenoe, and several authentic coses, usually fatal, 
have not given a pnsitive reaction at any time. 

The agglutinative pi>wer of typhoid serum is usually slight and 
transient in mild cases and marked and persistent in severe ones, but 
bean; no constant relation to the gravity of the disease, and gives no 
certain prognostic indications. 
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CHAPTER XV. 

MISCELLANEOUS INFECTIOUS DISEASES. 

BEPTIOEMIA, PTEMIA, 0BTE0HTELITI8. 

Sad Oelli. — Id no other diseases do the red cells suffer destruction so 
constantly and to such an extent as in the toxemia of diffuse inflam- 
mation caused by the common pyogenic bacteria. This fact was very 
early noted, Braidwood finding shrinkage of the red cells and absence 
of rouleaux, Mannassein remarking on their reduced diameter, and 
Quincke and Patrigeon observing extreme loss of Hb in cases of py- 
emia. 

Hayem and Toenissen placed the average loss of red cells in ordinary 
septic fever at 200,000 to 1,000,000 per week, while a continuous dimi- 
nution was found to persist as long as suppuration continued. That 
the loss of red cells is often very much more rapid than Hayem sup- 
posed is shown by Grawitz's remarkable case, in which fatal puerperal 
sepsis combined with considerable hemorrhage reduced the red cells in 
about twenty-four hours to 300,000. 

Various forms of acute septicemia not infrequently reduce the red 
cells l>elow two millions, but none appear to act more violently than does 
pucr[)eral or uterine sepsis. Hayem' found only 1.45 million cells, 
20 percent Hb, in a recent case of puerperal sepsis. Cabot reports 1.8 
million cells from a ''suppurating fibroid." The writer found 1.6 
million cells, and 20 percent Hb, in a septic form of endometritis, not 
puer|)eral. 

When the suppurative process is localized, the red cells are usually 
found to be only slightly affected, but with the first appearance of the 
" septic " condition the reduction of red cells promptly l)egins, Roscher 
finding evidences of diminished concentration of the blood within the 
first few hours. In empyema, suppuration in wounds, pelvic ab- 
scesses, appendicitis, peritonitis, etc., the red cells are seldom markedly 
reduce<l, while the usual effects of fever are present and polycythemia 
is often found. The Hb is, as usual, more susceptible than the red 
cells, and its loss is usually out of proportion to that of the red cells, 
the Hb-index being invariably low. 

Timotjewsky found that nucleated red cells appear promptly in the 
blo<Ml of (logs after moderate injections of pyogenic bacteria, in one in- 
stance reaching the enormous proportion of 25,698 per cmra. Turk 
found eouHiderable numbers of nucleated red cells in two cases of sep- 
ticemia from cystitis. In cases of intense puerperal sepsis the writer 
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• 
has usually been able to find a few nucleated red oells^ but they have 
never been very numerous. 

In chronic suppuration the red cells tend to diminish as long as the 
discharge continues. In a case of chronic empyema of one year's 
duration the writer found 1 .8 million cells and 25 percent of Hb, but 
an old pelvic abscess discharging a small quantity of pus for two years 
had induced very slight anemia. 

Morphological changes in the red cells in septicemia are usually 
present in moderate degree. Most cases show a pure type of secondary 
chlorotic anemia with marked loss of Hb. The reduced diameter of 
the anemic cells, previously noted, was distinct in the writer's case of 
septic endometritis, but did not approach the grade seen in some forms 
of primary disease of the blood. In severe cases many cells show 
granular degeneration, but polychromasia has, in the writer's experi- 
ence, not been prominent. Marked differences in the size and shape 
of the cells do not appear, as a rule, till afler the second or third week 
of a severe septic process. 

Leucocytes. — A considerable number of cases of asthenic septicemia 
run their course without leucocytosis, or with distinct reduction of 
white cells. Such cases have been reported by Limbeck, Krebs, 
Cabot, and Turk, and proving invariably fatal, their significance is 
similar to cases of pneumonia, diphtheria, etc., with hypoleucocytosis. 
In Turk's case, and in one observed by the writer, while the leucocjrtes 
were sub-normal, the proportion of polynuclear cells was very high. 

The great majority of cases, however, show pronounced leucocytosis, 
which is usually in proportion to the severity of the disease. Yet 
among the reported cases showing leucocytosis are some, like Rieder's, 
in which very severe processes either failed at any time to cause 
marked increase of white cells or else the examination of the blood 
was made during the ante-mortem decline in their numbers. Leuco- 
cytosis in septic processes has, therefore, the same significance as in 
pneumonia and diphtheria. 

Regarding the more minute factors determining the grade of leuco- 
cytosis little is definitely known, and the examination of the blood 
must be interpreted according to the circumstances in each case. 

M^hile the rule that suppuration induces leucocytosis is almost invarion 
ble, it must be remembered that leucocytosis may promptly disappear when 
the exudation ceases^ and that suppurations involving mucous surfa/ces may 
induce very slight leucocytosis. 

The polynuclear leucocytes are almost always in high proportion in 
cases of sepsis, but Klein has recently described a case of hemorrhagic 
septicemia ^ with 76 percent of eosins in the pleural exudate and 40 
percent in the blood. 

Ohemistry. — The loss of Hb has already been mentioned as one of 
the chief alterations in the blood of septicemia. Its solution in the 
plasma and the occurrence of hemoglobinemia is observed in severe 
cases with rapid destruction of blood. In cases of puerperal sepsis, or 
pyemia in infants, the solution of Hb may reach a very extreme grade. 
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In a puerperal case the writer found the viscera discoloreii, njid M ' 
great was the deposit of pigment that the liver and spleen closely re- 
sembled, in gro'4s and microscopical appearance, the or^ns of pernicious 
malaria. The increased globulicidal action of the serum in these cases, 
to which the solution of reil cells must be referred, has been described 
by Maragliano and others. 

An increased tendency toward crystallization of the Hb has been 
noted by Bond who, in examining fresh specimens, found a rich dft- 
posit of such crystale about the edge of the cover-glass. ■ 

Roscher noted in severe cases a very rapid lowering of the s])ect60' 
gravity of the blood, l)eginning a few hours after the initial symptoms. 
In fatal cases tiie dry residue of the whole blood fell to 15 percent, 
while in favorable cases the loss of solids was usually much less. This 
rapid and extreme loss of albumens lioscher and Grawitz regani as 
a valuable prognostic sign. The serum also usually showed a pro- 
nounced loss of albumen, proportionate to the severity of the septic 
process, its dry residue falling from 10,5 percent to a minimum of 
6.25 percent. Yet in a very severe case the dry residue of the serum 
was 13.1 percent of its weight, which Grawitz explains as resulting 
from the solution of Hb. 

Id various forms of pyogenic infection Livierato found an excess of 
glycogen in the blood, even when the temperature was normal. Oold- 
berger and Weiss also describe in the leucocytes during absoess-for- 
mation a reaction to iodine either in the form of a diffuse stain, or a 
gntmilar deposit. They also find many brownish staining extra-cellu- 
lar granules after fractures, and believe that the somewhat obscure 
" iodine reaction " of the blood may be made of value in the diagnosis 
of abscess, fractures, etc. 

Bacteriology. — The frequency with which specific bacteria can be 
isolateil from the circulating blood in coses uf septic infection, in spite 
of the vast amount of study devoted to the subject, still remains a 
matter of doubt. 

There are, on the one hand, a large number of studies of the blood 
in pyemia, septicemia, puerperal fever, osteomyelitis, etc., reporting 
the discovery of bacteria in a lai^ proportion of cases, while in many 
others, reported by competent observers, verj- uniformly negative re- 
sults were obtainei]. 

On reviewing many of these reports, it appears that the majority of 
them must be set aside as unreliable. 

Rosenl)ach, Garrod, Ra.skin, Bnmner, Blum, Czemiewski, Gisel- 
beig, Cantu, Roux and Lunnois, Bommers, Stern and Kirschler, and 
others, all used blood sciucezed from the linger, and when they at- 
tempted to demonstrate the same germ in the viscera after deatli, were 
Dot always successful. Many of their sucoesaful cultures were made 
only a few hours l>efore death. When accurate details are given, as 
by Cxemiewsky, it a]ipe8r3 that contaminations by clearly non-patho- 
geoio germs Jrequeutly occurred. 

Oo the other hand, Brieger, drawing blno<1 from a vein by a st«T^v 
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lized syringe, obtained negative results in five cases of puerperal sepsis. 
Sanger, by the same method, in three cases of osteomyelitis found 
Staphylococcus aureus or albus in the blood, but cultures from an in- 
flamed joint gave only Streptococcus pyogenes. Likewise Kraus re- 
ports six positive results in ten cases of puerperal sepsis, but one was 
examined post-mortem, and two showed only Staphylococcus albus. 
Caunob, who secured a number of successful cultures from the blood in 
puerperal sepsis, osteomyelitis, wound infection, etc., took some of his 
specimens from a puncture of the skin, and Petruschky, who usually 
obtained some bacteria, drew the blood through the "disinfected" 
skin by means of a wet cup. Sittmann, accepting as genuine the 
results of previous investigators, and adding nine positive cases of his 
own, concludes that in septico-pyemia the bacterial agent is always to 
be found in the blood, and that its presence does not insure a fatal 
issue. 

Yet later observers, as Kuhnau, would not accept the conclusions of 
Sittmann and do not admit much significance in the isolation from the 
blood of Staphylococcus albus or the colon bacillus. Kuhnau examined 
the blood repeatedly in 23 cases of septico-pyemia, 19 of which were 
fatal. In 2, Streptococcus pyogenes was obtained, in one Staphylococcus 
aureus. Several cultures gave non-pathogenic germs, among them 
Staphylococcus albuSy which .was obtained from the blood but not from 
the absce^sses after death. The only successful cultures were made 
shortly before death, or in one case during a chill. 

The results of Kuhnau's study cannot fail to raise the suspicion that 
previous investigators have been too lax in technique, or have not 
fully identified their species. 

From the review of the above studies the writer draws the following 
conclusions : 

1. The only reliable method of obtaining blood for bacteriological 
examination during life, is to draw it from a vein, in quantity not less 
than 5 cc., through the thoroughly sterilized or, better, the incised skin, 
by means of a sterile syringe or aspirator. 

2. In the great majority of cases of local or general septic infection, 
septico-pyemia, septicemia, pyemia, diffuse suppuration, osteomyelitis, 
etc., bacteria are present in the circulating blood only for short periods 
and at infrequent intervals j most frequently during chills. 

3. A few hours before death from septic infection, various bacteria, 
some of which may not be active in the original process, make their 
way into the circulation. 

4. In a very moderate number of cases of septic infection, especially 
those which are not attended by local abscess formation, the bacterial 
agent may be isolated from the blood during the progress of the dis- 
ease. 

APPENDICITIS. 

Special interest attaches to the examination of the blood in appendi- 
citis, and Cabot, in a study of 72 cases, has pointed out conditions in 



284 MISCELLANEOUS INFECTIOUS DISEASES. 

which the information tlius gained may be of great value in diagnoc 
Quoting largely from his observations it appears that : 

A catarrhal appendicitis is rarely accompanied by leucocytosifl, 
case showing 14,000 cells. The majority of more severe cases, on tue 
eecoiid to fourth days show leucocytosis, from 15,000 to 24,000, More 
marked leucocytosis (maximum 52,000) was always associated witli 
large abscesses or peritonitis. Twelve of 15 cases with less thun 15,- 
000 cells recovered without operation or would probably have done sf> 
as no pus was found by the surgeon. Four cases with general punilent 
peritonitis failed to show leucucytosiB, and other cases with peritonitix 
gave slight leucocytosis (14,800', 16,000). Other cases illustmted th.- 
fact that when pus ceases to be exuded the leucocytosis may subside. 
After succetisful operations the leucocytosis usually declined, but was 
subject to considerable oscillations, not always referable to collections 
of pus. 

It therefore appears that the interpretation to be placed upon 
examination of the blood in appendicitis is extremely variable. With 
leucocytosis ranging between 14,000 and IB.OOO cells, the omdilion 
may be: (1) Catarrhal appendicitis, (2) perforative inflammation with 
abscess, (3) large abscess, (4) general peritonitis. Moreover, the 
character of the leucocytosis in those dangerous forms of the disease 
which pursue a mild course for a time but suddenly develop peritonilis 
from perforation is not yet clear. It appears that the blood, as well as 
most other symptoms, equally fails to give warning of this outcome. 
Nor can the question of operation in frank cases Iw decided from the 
blood examination, as one of Cabot's cases with 3.1,000 leucocytes re- 
covered without interference. 

In differential diagnosis a positive conclusion seems to be warranted 
only in those cases which show well-marked leucocytosis, from the 
presence of which it is possible to rule out nearly all form.t of typhoid 
lever and most but not all cases of fecal impaction. Hubbard 
offered some very practical comments on the limitations of blood 
aminations in this field. 
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ABSCESS FORMATION. 

Active suppuration in a confined spatv is almost invariably accom- 
panied by distinct leucocytosis. Cabot has remarked on the high leu- 
cocytosis usually observed with very limited suppurative foci in eub- 
rutaneouB, submucous, or interstitial connective tissues, and reports 
very considerable increase of white cells, with furuncle, carbuncle, and 
abscess of vulva, vagina, middle ear, uterus, Fallopian tube, ovary, lung, 
brain, parotid gland, neck, and in pectoral, psoas, and perinephritic 
regions. The writer's experience in a considerable variety of such 
conditions fully accords with these reports, leucocytosis having been 
present in the active stages of all such proceivses, but subsiding slowly 
or rapidly after operation or after the exudative process bad ceased. 
An important exception to the rule was found iu abscess of the livi^ 
■witli ronco-purulent exudate. (See Liver.) 
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ERYSIPELAS. 

A slight diminution of red cells and Hb was observed in severe 
cases by Malassez, Hayem, and Reinert. In mild cases the fibrin is 
not affected^ but in severe forms of the infection its formation is much 
increased. (Turk.) 

Leucocytosis occurs in nearly all cases, but Rieder reported one in- 
stance of facial erysipelas with a temperature of 39° C. and 6,800 
white cells. Turk observed one case of considerable extent with tem- 
perature 38.5-40.2° and leucoc3rtes between 7,000 and 8,900. Later 
the temperature rose to 40.5° and the leucocytes to 10,100. Zappert, 
also, observed two febrile cases with subnormal numbers of white cells 
(5,500-6,500). Hayem found between 7,000-8,000 leucocytes in very 
mild cases, but 12,000-20,000 when the rash was extensive. 

Most of the cases of Pee, Rieder, Ehrlich, Limbeck, and Cabot, gave 
leucocytosis of moderate grade but in proportion to the severity of the 
disease. Higher leucocytosis was observed by Halla in uncomplicated 
facial erysipelas and in a case complicated by pneumonia (23,000). 
Suppuration raised the count to 39,600 in a case of Reinert's, and to 
59,400 in one of Epstein's. 

When the total increase is considerable the polynuclear cells are 
much increased in proportion, but with slight increase the polynuclear 
cells are usually unaffected. Eosins are usually diminished or absent. 
(Zappert, Turk.) 

Negative bacteriological examinations of the blood in erysipelas are 
reported by Petruschky in three cases and by Kraus in one case. 

ACUTE RHEUMATISM. 

A much increased formation of fibrin has been noted by many ob- 
servers, Halla, Hayem, Berggrun, Turk. 

Red Oells. — It is a general clinical rule that patients who pass 
through an attacjc of acute rheumatism become distinctly anemic. In 
many cases of ordinary severity the loss of red cells is slight, while the 
Hb falls to 65-80 percent. 

In more severe cases Hayem seldom found more than 4 million oells. 
Sorensen found an average of 4.16 millions in 8 cases. In prolonged 
and relapsing cases the red cells not infrequently fall slightly below 4 
millions. Yet in few of the reported studies are the examinations 
sufficiently extensive to show that such anemia is referable to the acute 
disease. Turk, while admitting the usual presence of anemia even 
during the febrile period, saw a distinct increase in red cells beginning 
with defervescence, and in Cabot's cases it does not appear either that 
there was any uniform loss of red cells or that the cases of long stand- 
ing were invariably the more anemic. It seems, therefore, that the 
severity of post-rheumatic anemia has been overestimated. 

The Hb suffers more severely and much more constantly than the 
red oells. Cabot's average in 31 cases was 67 percent, and a few cases 



286 MISCELLANEOUS ISFECTIOVS DISEASES. 

fell below 60 percent, while Turk found between 60 and 8U percent.. 
Prompt ufleof ealicylates prevented the loss of Hb iaaejise of Licblen-i 
stern's, and apparently also in one of Cabot's, 

In convalescenec the restoration of Hb remains eonsiderably behind 
thut of the red cells. 

Leucocytes. — In mild ca-ses withont exudation there 'm usually nfr 
distinct lenwicytosis. (Pee, ilieder.) When fever and swelling of joints 
exist there is almost always an increase to 10,000 or 15,000 cellfl. 
Turk insists that when the leucocytes reach 20,0tX) or more there ars 
nearly always coraplirations, such as pleurisy, pericarditis, or pnea- 
roonia. Hayem also found 17,000-18,000 cells in moderately severe 
attacks, and as high aa 2fi,000, only in extremely severe and cerebral 
types of the disease. Cabot reports 21,000-;il ,000 cells in 6 oasCB, 
oae complicated by acute endocarditis, while in the otliers no complica- 
tion was mentioned. The writer, from the examination of 40 caaes, in 
1893, can support Turk's statement, having fouud signs of pneumonia, 
or pericarditis, or hyperjjyrexia, whenever the leucocytes rtjee above 
20,000. The pneumonic signs however were not always those of oon- 
plete consolidation. 

With defervescence the leucocytes promptly fall to normal, and in 
relajises are much less aSeeted than by initial attacks. (Turk.) 

Trpes of Lencocytes, — When the white cells do not greatly exceed 
10,000, the proportions of the various forms are not much disturbed. 
With distinct leucocytosis the proportion of (jolynuclear cells rises t» 
a considerable height. Eosins are al)sent only in the early stages; 
later, in spite of fever and exudation they are always present in mod- 
crate numbers, while after defervescence most cases show a distinot: 
tendency toward eosiuophilia, (Turk.) In one of Turk's cases there 
were Ki.S [lercent <if eo.sins, and in another 8,33 percent, sliortly after 
defervescence. This obser\'er believes that a high projforlion of eosino- 
phile cells during the febrile period is a good prognostic sign, and oc- 
curs principally in self-limiting cases. 

Bacteriology. — In several studies, reviewed by Sittmann, variou 
path<^nic bacteria were obtained from the circulating blood, but these 
cases have later been classed as examples of septicemia and not of 
articular rheumatism. The principal bacteriolc^ical studies of the 
blood of acute rheumatism are those of Sittmann, Singer, Kraus, nnd 
Kuhnau, Sittmann obtained negative results from repealed cnllnres 
in 5 cases, and Kraus in 12 ca.ses. Singer conducted an elalwrate study 
of the blood and urine in 'iO cases, but while he found •^tnphi/lococciu 
a//>iu( in several instances, this gi-rm was probably a contamination from 
the skin. In one case .S(iTp/ocwcujt/>yopCT(f« was isolated, but the history 
bIiows the patient to have been suflering from hemorrhagic septiccnua 
and cndo(»rditis. 

Even more conclusive were the totally negative results obtained by 
Kuhnau in 07 cases representing all types of the disease and many 
complications. 

There seems therefore to be no longer any room to doubt that 
blood in acute articular rheumatism is sterile. 
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TONSILLITIS. 

Follicular tonsillitis usually causes moderate leucocjtosis, seldom 
rising above 15,000 (Halla, Pick, Pee), yet in mild cases it may be 
absent (Cabot). In phlegmonous tonsillitis more marked leucocytosis, 
reaching 20,000 cells or more, usually occurs. (Pee, Rieder.) 

The leucocytosis is generally more marked than in diphtheria with 
equal constitutional disturbances. (Pee.) 

WHOOPING-OOnOH. 

Meunier has observed, in 30 cases of pertussis in children of various 
ages, a pronounced or extreme leucocytosis which "far exceeds the in- 
crease found in any other afebrile disease of the respiratory passages, ^^ 

The grade of leucocytosis varies with the age of the patient, being 
most marked in children under four years, and usually reaching a 
slightly lower figure in children from four to seven years. It appears 
in the catarrhal stage before the characteristic cough, when its demon- 
stration may be made of diagnostic value, and disappears slowly with 
the improvement of the disease. It is little influenced by complica- 
tions. The average leucocytosis was 27,800, but in several cases 40,- 
000 cells were found, and in one 51,150. The lowest figure obtained 
during an active period was 15,500. The proportion of lymphocytes 
was always high, averaging 53.8 in a portion of the cases, while the 
polynuclear cells maintained a low average (39 percent), and the eosins 
were scarce or normal in number. Meunier refers the lymphocytosis 
to hyperplasia of bronchial lymph nodes. 

De Amicis and Paochioni also report marked leucocytosis in whoop- 
ing-cough, beginning iu the first days of the disease, reaching its height 
in the spasmodic stage, and being sometimes prolonged after the cessa- 
tion of the typical cough. Cabot found 12,600 white cells, and 78 per- 
cent Hb in a girl of 6 years. 

INFLAMMATIONS OF SEROUS MEMBRANES. 

PLEURISY, FERIOARDITIS, PERITONITIS. 

Serous inflammations of the large serous membranes usually cause a 
slight increase of leucocytes in the blood during the acute febrile stages. 
Thus, Hayem found between 7,500 and 12,000 leucocytes in acute 
pleurisy, Rieder 11,000-13,000, and some of Cabot's early cases regis- 
tered as high as 15,000. Higher leucocytosis belongs to the more 
severe inflammations, with temperatures reaching 101-104® F. In two 
cases of sero-fibrinous pleurisy Limbeck found, with a temperature of 
38-8® C, 18,000-19,000 leucocytes, and with a temperature of 41.5° 
C, 22,000 cells. The grade of leucocytosis excited by fibrinous pleu- 
risy, pericarditis, etc., has apparently not been determined. The in- 
flammation stands iu an intermediate position in point of intensity. 
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With purulent processes the leucocytosis is usually much high< 
189.'i the writer found no difference in the leucocytosis of pneumonis 
from tbut of idiopathic empyema and purulent pericarditis. All the 
cases of pericarditis were complicated bv pneumonia or rheumatism 
and gave very high counts (maximum 60, 0(H)). The writer has seen 
one case of very rapidly fatal empyema, yielding Sti-uptixsjiKiit pi 
in cultures, in which there was scanty purulent exudate and slight 
diminishing leucocytosis. 

In purulent peritonitis, also, leucocytosis is not infrequently absent. 

Afler the exudative process has ceased the leucocytosis subsides, 
very rapidly in the case of serous exudates and usually more slowly 
with purulent processes. The majority of serous effusions are there- 
fore encountered, as in Halla's and Cabot's cases, when the leucocytes 
are normal in number, nor is it rare to find extensive empyema with 
no excess of whit« cells in the blood. 

Tuberculous inflammations of serous membranes, when pure and un- 
complicated, are seldom accompanied by leucocytosis. Limbeck reports 
4,600 cells in a case of tuberculous peritonitis. 

In serous pleurisy it is seldom possible to distinguish the quiescent 
stages of simple serous effusions from beginning tuberculous exudates, 
and the examination of the blood cannot prove of much value in 
diagnosis. 

lu a case uf empyema in which tubercle bacilli were extremely 
mimerous, the writer found moderate intermittent leucocytosis (maxi- 
mum, 18,000). 

GONORRHEA. ■ 

In acute gonorrheal urethritis the red cells remain unaffected. A. 
moderate leucocytosis is usually observed in severe febrile cases, and is 
markedly increased by many complications, including cystitis, epididy- 
mitis, orchitis, etc. 

The polynuclear cells are in the usual excess, while eosine, although 
sometimes very abundant in the urethral discharge (Bettman), usually 
remain within moderate limits (,.^ to 11. -5 percent) in the blood (Vor- 
bach). Bettman, however, while finding that there is no relation 
between the eosins of tlie discharge and those in the blood, believe* 
eosinophilia is usually present in gonorrhea, atpixinllt/ in ponteriar 
urfthnttg. He found 25 percent of eosius in the blood in a case of 
gouorrUeal epididymitis. 

Id gonorrheal rheumatism the changes in the blood ar« similar to 
those of the idiopathic joint affections. 

The gonoooccus has several limes l)een isolated from the blood in 
gonorrheal endocarditis (q. v.). 



YELLOW FEVER. 

From Jones' interesting observations about yellow fever, it would 
appear that anemia is infrequent, that fibrin formation is deficient, tbak 




EPIDEMIC INFLUENZA. 289 

the globulicidal action of the serum is very greatly increased, and that 
cholemia is responsible for some of the changes observed in the red 
cells before and after shedding. " When a drop of blood from a 
yellow fever patient falls upon blotting paper, a dark brownish ring 
due to diffusion of bile-stained plasma spreads about the central mass 
of blood cells.'* (Jones.) 

Pothier examined in some detail the blood of 154 cases. The red 
cells never fell below 4.28 millions and in one fatal case were normal. 
The Hb suffered a considerable loss during the course of the disease, 
registering between 50 and 72 percent. In the above fatal case 90 
percent of Hb was found. The restoration of the Hb was slow. 

Mot-pholof/ical clianges in the red cells were usually absent, but the 
presence of normoblasts was noted in a few specimens. 

The leucocytes fell between 4,660 and 20,000. The polynuclear 
cells were found in high proportions in some of the slides from these 
cases, examined by Cabot, while in others their proportions were 
normal. Eosins were very scarce and myelocytes were found in one 
case. The writer examined dry specimens of the blood of two rapidly 
fatal cases of yellow fever brought from Rio Janeiro by Dr. J. M. 
Masury, and noted slight hemoglobinemia, and hypoleucocytosis. 

Pothier tested the action of the serum of some of his patients on cul- 
tures of Sanarelli's bacillus, but the results did not indicate the presence 
of any specific power in the blood. 

TTPHUB FEVER. 

In 4 cases the writer found between 5,000 and 9,000 leucocytes. 
The patients were adults, the examinations were made during the high 
fever of the early period of the disease, and at least two of the patients 
died. 

Tumas followed one fatal case during a three weeks' course, observ- 
ing a steady reduction of red cells from 4.4 to 3.1 millions, of Hb from 
80-50 percent, and hypoleucocytosis, 9,600-1,600. 

EPIDEMIC INFLUENZA. 

The scanty reports of the condition of the blood in epidemic influ- 
enza indicate that the disease in uncomplicated form &ils to cause lea- 
cocytosis. This fact, while in accordance with the catarrhal character 
of the essential lesions, is somewhat difficult to reconcile with acute in- 
fectious nature of the disease. Grippe appears to be the only bacterial 
disease, beginning acutely with marked chill, which fails to induce leu- 
cocytosis. 

The absence of leucocytosis in grippe was first demonstrated by 
Rieder^ who, in 7 cases, found that the white cells at the acme of the 
disease were reduced in number (7,000-2,800). In the catarrhal pneu- 
monia which complicates the disease and which is distinguished by 
signs of incomplete consolidation, he found little or no leuoocytoais, 
19 
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maximum, 13,000. In lobar paeumunia following grippe the usui 
leucocytosU was observeil. In 1803 tlic writer found no difTereDce io 
tbe leucocytosiH of lobar pneumonia following grippe from that of pri- 
mary pneumonia. Cabot reports tbe examination of the blood in €7 
cases, mostof wbicb ghuwcd normal or reduced numbers of white cells, 
and when there was aliglit Iciicocytosis (maximum 14,000) coniplica- 
tioDB were usually present. 

Bacteriological Examination. — In a considerable proportion of 
cases Canon, Klein,' Hirschfeldt, Bnischettini, and others, have ob- 
tained from the blood cultures of what they believed to be Pfeiffer*9 
bacillus. 

Pfeiffer and Kruse, and others were unable to isolate the bacillus of 
influenza from the blood, and denied the identity of some of the germs 
obtained from tbe blood by others. 

Recently Kuhnau has added 12 negative results, and there seems little 
reason bi doubt that the bacillus of infiuenza has no special ca]>acity to 
invade the blood stream. 

TETANUS. 

Cabot reports 70 percent of Hb, 11,1)00 leucoeytes, and penistenoe 
of eosinophile cells, in a fatal rase of tetanus treated by antitoxine. — 

BUBONIC PLAQUE. I 

Aoyama in 1890 examined the blood of many cases, reporting four 
in full. The red cells varied from 4.4 to 8.1 million, the latter in a 
case which recovered, and in the report of which no cause of polycy- 
themia is apparent. The Hb was normal. The leuoocytosis also was 
reported to have reached a very high grade, 110,000-200,000 in three 
cases, and 20,000 in a convalescent case. Polyuuclear cells made up 
the bulk of the increase, but large and small lymphocytes were numer- 
ous, and eosins scarce. 

The Austrian Pest-Commisaion reported only moderate leucocytosis 
in the majority of cases. {Wien. kiln. Woeh., 1897, p. 46-5.) 

Zaimlotny stndie<l the reaction of the blood serum on cultures of 
the bacillus. During tbe first week no effect was observed even with 
a dilution of 1-6 ; in the second week reactions were obtained with 
dilutions of 1—10 ; in the third week, with l-2o ; in the fourth week, 
with 1— ''>0. The reaction was most marked id the severer cases, and 
the blood serum of the cadaver was inert. 

MALTA FEVER. 

The hemorrhages which mark the severer forms of this malady com- 
monly give rise to severe anemia. Bruce places the average number 
of red cells at 3.5 millions, and reports the absence of leucocytosis and 
occasional presence of free pigment in the blood. In a prolonged case 
without hemorrhages, Musser and Sailer found 5.0o miliitm red cells, 
60 percent Hb, 11,504 leucocytes, all varieties being in normal pro- 
portions. 
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Wright and Smith found that the blood serum of cases of Malta 
fever agglutinates cultures of Bacillus vielUensiSy and diagnoses of the 
disease have been made by this method by Mnsser and Sailer^ Cox, 
and others. A dilution of serum 1-50 should give a prompt reaction, 
while typhoid serum has no effect. 

AOTINOMYOOSIS. 

The writer found 21,500 leucocytes in a case of pulmonary acti- 
nomycosis, clinically resembling acute phthisis, and Cabot reports a 
case of actinomycosis of liver with 3,700 white cells. 

The markedly purulent character of the exudate excited by the ray 
fungus explains the grade and character of the leucocytosis. Bier- 
freund found marked chlorotic anemia in actinomycosis, the Hb regis- 
tering 30-50 percent. 

QLANDEBS. 

Cabot reports 11,600-13,600 leucocytes in a fatal case of very acute 
glanders. Duval isolated the bacillus of glanders from the blood dur- 
ing life, and Noniewitch reports that in fatal cases in horses, the bacilli 
can be found in the circulating blood, usually within the leucocytes. 

ANTHRAX. 

Anthrax in some lower animals frequently develops into a pro- 
nounced bacteriemia early in the disease. Man, however, usually ex- 
hibits only a moderate grade of susceptibility to the infection and the 
majority of cases recover after lexcision of local foci of infection. Al- 
though it is probable that in the severe septicemic forms of the disease 
anthrax bacilli may multiply in the general blood stream early in the 
disease, the literature appears to contain very few reports of competent 
bacteriological analyses of the blood in such conditions. The rather 
frequent impression that the diagnosis of anthrax can be made by 
morpliological examination of a drop of blood from the general circu- 
lation is almost entirely without foundation, as the great majority of 
cultures of the blood, even in severe cases, have been found sterile. 
Only in the late stages of some septicemic cases in man do the bacteria 
invade the circulation and yield positive cultures of the blood. Such 
a case is that of Blumer and Young, who report successful cultures, 
and claim to have identified the germ in blood-smears during life, but 
the time before death was not stated. 

Ante-mortem invasion of the blood by anthrax in man is apparently 
not much if any more abundant than with some other infections, and 
even |K)8t-raortem cultures are frequently negative. 

Detiiiled clinical examinations of the red cells and leucocytes in the 
blood of anthrax are still wanting. 
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CHAPTER XVI. 

SYPHILIS, TUBERCULOSIS, LEPROSY. 

SYPHILIS. 

Very accurate conclusions regarding the state of the blood in syphilis 
were reached by Becquerel and Rodier, who stated that a moderate grade 
of anemia was to be found in the great majority of cases, that as long 
as the disease progressed without complications the blood maintained a 
high or normal standard, and that if the course of the disease was pro- 
longed, there was a loss of red cells. They noted also that the abuse of 
mercury might lead to the same changes. The resemblance of the anemia 
of syphilis to that of chlorosis was also early recognized, especially by 
Ricord, and this belief was later supported by analyses of the blood 
by Grassi, Wilbouche witch, Keyes, Laache, Malassez,* Gaillard, and 
others, who found in the secondary and tertiary stages of most cases a 
loss of red cells and Hb. Keyes was the first to point out that mer- 
cury in small doses, while curing the disease, increases the red cells. 

The grade of anemia, observed was usually moderate, the majority of 
cases showing slight loss of red cells, which however sometimes fell to 
3-4 millions. The Hb was usually found diminished more than the 
cells, especially by Lezius who claimed that the only essential lesion of 
the blood in syphilis is a loss of Hb. Other patients appeared to have 
normal hlood, and Sorensen in 20 cases failed to detect any distinct 
anemia. On the other hand, Muller reported cases in which all the 
typical lesions oi pernicious anemia were present, and in one of his cases 
the red cells fell to 428,100. Other such cases are reported by Ponfick, 
Kjerner, Klein, Laache, Fisischella (cited by Dominici). 

It was thus established that syphilis in some stages and in some 
patients may entirely fail to reduce the red cells, while in others grave 
pernicious anemia must be charged to its action. The later studies 
have been concerned with the more detailed course of the blood changes 
in the disease, and have been contributed principally by Anc, Lezius, 
Bieganski, Konried, Rille, Ijoos, Justus, and Riess. 

From these contributions it appears that the blood suffers in a some- 
what uniform degree in the several stages of uncomplicated syphilis, 
but unfavorable conditions and abuse of mercury may greatly aggravate 
the changes observed. 

Primary Stage. — During the first four to seven weeks after infec- 
tion the red cells do not diminish perceptibly in number (Lezius, 
Konried, et al.) unless there is fever or some other disturbing factor, 
when a moderate decrease may be noted from the first (Stoukovenkoff). 




294 STPBILIS, TUBERCULOSIS. LEPROSY. 

No doubt, as Haycm says, those disturbing factors are freqiienO 
present, aud it still remains uncertain whether syphilis alone affects 
the uumber of red cells during the first few weeks. The majority of 
observations indicate that it docs not, but Riess came (o a contrary 
conchisioD, while Bieganski found uniform polycythemia in the early 
stages of syphilis. 

The Hb is almost invariably diminished from the first, a loss of 
]5-30 |>ercenl heing commonly noted before the appearance of second- 
aries. (KonriwI.) 

Secondary State. — There is uniform agreement among very numer- 
ous observers that with the outbreak of secondary symptoms the red 
cells begin to fall rapidly, reaching in untreated causes as lotr oe 2 
millions or less. (Konried.) In 10 cases Wilbouchewitch found an 
average decrease of 2'29,00O cells daily. At the same time the Hh 
continues to diminiKh and may fait to •5-^~'25 percent within a few 
weeks or months. Rioss denies that the Hb suffers particularly at the 
outbreak of the eruption. With the appearance of fever and new 
eruptions a further and more marked loss of cells and Hb has been 
observed. (Stoukovenkoff.) Under unfavorable hygienic conditions, 
and in feeble and especially in young subjects, the anemia in this stage 
may l»e unusually severe. In untreated cases the disappcaran<« of the 
eruption is not followed hy any immediate improvement in the blood. 

Tertiary Stage. — In untreated cases there can be no doubt that tbe 
anemia may progress till the pt^'rnicious type is established, but treat- 
meat usually limits the impoverishment of the blood so that only 
moderate grades of anemia are commonly observed. Konried found 
an average of 4 million red cells in ten cases, and from ■50— SO percent 
of Hb in '2'1 cases suffering from gummatous lesions. 

In several cases showing advanced tertiary lesions (gummataj at 
autopsy the writer has found different grades and types of sccunoary 
chlorotio and pernicious anemia. In one the spleen was much enlat^ed 
and contained gnmmata, while the blood showed the lesion of seomdary 
pernicious anemia, with a tendency toward the microcytic ty]>e, and 
\ni\i low HI>-indox. In other cases the abundant megalocytes with 
increased Hb closely resembled those of primary pernicious anemia. 
It is especially in infants that syphilis induces the grave tyjiea of 
anemia. 

Effects of Mercury Upon the Blood in Sjrphilia. — The effect of 
pro|ier doses of mercury in arrfsting the progress of the unemin of 
syphili.s was clearly stated by Wilbouchewitcli, who re[w)rted an aver- 
age gain of 102,000 oells daily in 10 ca8<4, while Keyes and many 
later olwerverH have fully verified these results. That prolonged use 
of memury may of itself lead to marked anemia resembling that of 
syphilis was early noted by Becquerel and Ro<tler, and was also dpm- 
on8ttnito<l both in man and animals by Wilbouche witch, and later by 
Bieganski, Ilayem, Lczius, Anc, .Schlesinger, and Jelleneff. The ex- 
tent t'l wliii'h mercurial treatment may l>e carried without diminiahii^ 
the red cells or Hb has been placed at 24 days, by Gaillnrd ; at 25-35 



JUSTUS* TEST IN THE BLOOD OF SYPHILIS. 295 

inunctions, by Konried ; at 16 injections (gram .5, 1 percent Hg-ben- 
zoate) by Jelleneff ; and at 140-150 milligrams of bichloride, or 77 
milligrams of benzoate, injected in increasing doses, by Lindstrom. 

During this perio<l most observers agree that both red cells and Hb 
increase from the first, and many instances of moderate polycythemia 
are recorded. At the same time the eruption commonly disap|)ear8. 
If treatment is continued beyond this point, especially if the patient is 
salivated, the cells and Hb steadily and sometimes rapidly decline and 
well-marked mercurial anemia is established. Jawein, however, failed 
to observe any anemia during prolonged courses of inunctions. 

The Leucocytes in Syphilis. — Leucocytosis was early observed in 
syphilis and its usual connection with the hyperplasia of lymph nodes 
was one of the facts that led Virchow to locate the origin of the 
lymphocytes in these structures. More detailed study of the behavior 
of the leucocytes was made by Wilbouchewitch, Biganski, Jelleneff, 
Konried, and Rille, who have shown that the leucocytosis of syphilis 
is connected principally with the eruptions and the anemia of the 
disease. 

In the primary stage, before the appearance of the eruption, the 
leucocytes are usually normal (Rille), but Jelleneff found that an in- 
crease of white cells usually precedes the development of anemia, and 
Konried's cases showed a slight leucocytosis (maximum 16,400) in the 
first weeks of the primary stage. 

In the secondary stage, with the appearance of eruptions, anemia, 
and hy|)erplasia of lymph nodes, the leucocytes are nearly always in- 
creased. In Konried's cases of untreated secondary syphilis the white 
cells were never under 10,000, while the maximum figure was 17,500. 
Riess, however, found leucocytosis absent in many cases, but observed 
an increase to 20,000 in some instances, while the excess of lympho- 
cytes was usually very distinct (maximum 68 percent). The adminis- 
tration of mercury commonly reduces the white cells, which become 
normal with the disappearance of the eruption and the anemia. Jel- 
leneff found the leucocytosis to be more nearly proportionate to the 
extent of the eruption than to the size of the lymph nodes, and noted 
leucocytosis in the absence of external signs of lymphoid hyperplasia. 

The increase affects principally the small and large lymphocytes, 
but the eosinophile cells may also be increased, especially in those 
cases with marked papular exanthems. (Rille.) Zappert found a slight 
increase of eosins, 4.91 percent in one early case, but normal numbers 
in seven others. The proportion of lymphocytes diminishes as the 
patient improves, falling after each inunction. (Riess.) In very se- 
vere cases there may be progressive polynuclear leucocytosis. Myelo- 
cytes have betMi found by Rille and others in both secondary and 
tertiary syphilis. 

In tertiary stages with gummatous lesions the leucocytosis usually 
persists, but lymphocytosis, though sometimes distinct, is less constant. 
Konried found 8,500-17,710 leucocytes in nine cases. 

Justus' Test in the Blood of Syphilis. — By a series of observatiovi' 
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in over 300 cases Justus came to the concluRion that in the blood of ^^H 

of mercury, or after iuunctionB, there is a period of a few hours or 
days during which the Hb is considerably reduced (10-20 percent). | 
After a certain period, varying with the general condition of the p^^^H 
tient and the severity of the aymptoms, the Hb begins to increase. In ^^H 
some cases the diminution continued only one day and in others it ww ^^H 
repeated afcr each of three or four injections. The reaction was noted ^^| 
in all stages of the disease after the primary swelling of lymph node^ .^^| 
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The value of Justus' test has not been fully determined. 

Cabot reported positive results in seven cases of syphilis and negative in 
82 control cases, but obtained a positive reaction in a case of chlorosis. 

Jones recently applied the test in 85 cases of syphilis in various stages, and 
in 18 controls, estimating the Hb usually by the specific gravity method. None 
of the control cases responded to the test. Of 17 cases of secondary syphilis 
13 responded, and four failed. Of eight cases of chancre with adenitis, two 
responded to the test by Fleischrs method, but failed when tested by the 
specific gravity method. Six others were not tested by FleischPs instrument. 
The conclusion was reached that a positive reaction has considerable diag- 
nostic value, while a negative result is of less significance. Jones' conclu- 
sions would be more reliable had he used the Fleischl instrument through- 
out. 

Further studies are required before the value of Justus' test can be 
shown, but on general grounds it would seem that the test would prove 
unreliable in many forms of anemia, when the globulicidal action of 
mercury might dissolve red cells. 

OONQENITAL 8TPHILI8. 

Syphilitic infants invariably suffer from anemia. In the mildest 
cases, Loos found over 5 million red cells and 65—75 percent of Hb. 
Schiff also found the usual polycythemia of infants in mild cases of 
congenital syphilis. In the majority of cases there is considerable 
loss of red cells and the Hb falls to a low figure, minimum 21 percent. 
(Loos.) In the severer forms the blood may show the changes of sec- 
ondary or progressive pernicious anemia, examples of which have been 
described by Loos, Luzet, Monti, Berggrun, and others. 

Whatever the grade of anemia, the changes are influenced by the 
si)ecial tendencies of infants' blood. Marked differences in the size 
of the cells are early established, nucleated red cells are frequently 
seen in abundance, and white cells, especially lymphocytes, are often 
present in greatly increased numbers. Loos noted an extreme degree 
of polychromasia in the large nucleated red cells in congenital syphilis. 
The leucocytes did not fall below 12,000 in any of Loos' 16 cases, and 
in one fatal case rose to 58,000. Baginsky, and Monti and Berggrun 
have also reported excessive leucocytosis in similar cases, while the 
former author speaks of a distinct leukemic tendency to be found in 
the blood of congenital syphilis. 

The lymphocytes usually fall within normal limits for this age. 
Eosinophile cells are sometimes increased, especially when the eruption 
is extensive. (Loos.) The presence of a few myelocytes in the severe 
cases makes the resemblance of these cases of syphilitic anemia to v. 
Jaksch's anemia often very close, while the excess of large lymphocytes 
may lead to confusion of the disease with lymphatic leukemia of 
Frankel's type. 

Congenital syphilis is recognized by Demelin, as one of the common 
causes of melena neonatorum. In such a case, dying four days after 
birth from abdominal hemorrhage, the writer found in the blood the 
typical characters of idiopathic pernicious anemia, especially in the 
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large number of raegaloblusy. The marrow was cvervwiiere lymph<»di 
and ehowed pronounced megaloblastic changes. 



TUBERCULOSIS. 

The fact thnt the blood of consumptives may often fail to show any 
changes comparable with the pallor of the skin and the emaoialtoa of 
these subjects was note<l in the first studios of the blood by Andral and 
Gavarret, Becquerel and Rodier, and others. The discrepancy between 
blood and facial appearance was fully rec<^nized by Ijaache who, find- 
ing an average of 4.4 million cells in 14 cases, slated that phthisis of 
itaelf usually does not tend toward marked anemia. Similar results in 
the banda of Sorensen, Op|>enheimer, Gnezda, Barbacci, and Reinerl, 
confirmed this opinion in a considerable group of cases, although well- 
marked cldorotic anemia was occasionally encountered. In the Massa- 
chusetts General Hospital series, Cabot found 41 out of 00 patients 
with more than 4 million red cells, and 69 of 80 cases with more than 
50 percent of Hb. 

Yet Malassez had in 1S74 reported well-marked anemia in some 
early cases, had seen the red cells fall over half a million in the course 
of one week, and found less than a million cells in an advanced case 
with diarrhea. In nearly all of their series of cases Laker and Feno- 
glio found low percentages of Hb, and the specific gravity was found 
markedly reduced by Schmaltz and Peiper. 

In 189.'1 current vie\vs were presented by v, Noorden who stated 
that in pulmonary tuberculosis a loss of more than 20 percent of red 
cells or HI) is seldom observed unless from complications such as hem- 
orrhage, suppuration, or amyloid degeneration. 

The subject was at this time thoroughly reviewed by Grawitz' and 
Stmuer, who fotmd three distinct periods in the changes of the blood 
in phthisis. 

1, With beginning apical lesions, they generally found marked 
chlorotic anemia with loss of red cells, irr^ularleucocytosie, and reduc- 
tion in dry residue and specific gravity. In robust subjects however 
the blood during this stage was sometimes normal. 

2, In pale emaciated subjects with chronic phthisis and cavities, but 
without much fever, the WoikI commonly did not vary from the normal 
standard, llie red cells numbering .5 millions or more, the leucocytes 
fi,0(X)-lii,oOO. the dry residue of blood and serum beiug mwlerately 
low, but the s[>ecific gravity higher than the dry residue would indicate. 

3, When hwtic fever supervened, usually from suppuration in cavi- 
ties, and the patient l)egan to suffer from septicemia, the blood became 
rapidly impoverished, the red cells were then much retiuced, the 
leucocytes frefjuently much increased, and the dry residue and specific 
gravity fulling to a low point. 

The intense septicemia of rapidly advancing phthisis was found to 
yield some very severe gmdea of anemia, in one of which the red cclla 
fell to 700,000, Similar cases have been reporte*! by MalasseE* aiad 
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Limbeck/ both of which suffered from marked diarrhea. In Lim- 
beck's case there was also tuberculous peritonitis, and the blood showed 
marked poikilocytosis and increased Hb-index. 

In the attempt to correlate his own and Robert's divergent results Dehio 
described two different types of the disease, the marantic and the anemic 
cases. In the former group the patients showed a marked tendency to 
emaciate while their blood retained a good standard, while in the others 
all grades of chlorotic anemia might be observed. 

It would seem that the classifications of both Dehio and Grawitz 
are based on accurate clinical study. The following conclusions may 
be drawn regarding the general course of blood changes in tubercu- 
losis. 

1. The primary anemia of tuberculosis is seen not only in diseases 
of the lungs but quite as frequently in chronic tuberculosis of other 
tissues, especially of the lymph nodes and bones, constituting the very 
numerous group of cases of '* lymphatic anemia.^^ Moreover, it has 
recently been placed beyond doubt thj^t the chronic anemia of Hodg- 
kin's disease is in a large proportion of cases the result of tuberculosis 
of lymph nodes. 

The peculiar character of these cases of secondary tuberculous ane- 
mia has been described by Laker, Neubert, Wiskeman, Vierordt, Bier- 
freund, Brown, Dane, and many others, and they constitute one of the 
largest groups of cases encountered in routine blood examinations. 
In appearance the patients clearly resemble cases of chlorosis and the 
blooil shows a slightly or considerably reduced number of red cells, 
more marked loss of Hb, and usually slight relative or absolute lym- 
phocytosis. Yet this description does not apply to all cases of early 
tuberculosis or phthisis, as some of them from the first appear anemic 
and yet show normal cells and Hb. 

2. The second group in which the blood is but sliglMy altered in quality, 
although cavities have formed in the lungs and the patient is pale and 
emaciated, includes the majority of cases of chronic phthisis. One of 
the most striking examples seen by the writer occurred in a patient 
suffering from subacute tuberculous* empyema from which the pus 
contained very large numbers of tubercle bacilli. But the same qual- 
ity of blood is sometimes seen with early apical lesions and moderate 
emaciation, while considerable anemia may exist in moderately ad- 
vanced cases of phthisis who are not suffering from distinct hectic fever. 

Tiie cause of the concentration of the blood, or oligemia, in the 
avenigc phthisical subject, for such must be the condition, is probably 
to be found, as indicated by Heidenhain, Gartner and Romer, and 
Grawitz,' in the specific lymphogogic action of the toxines of the 
tubercle bacillus, bv which there is established a continuous excess in 
the balance of fluids which leave the tissues through the lymphatics. 
This view is strongly supported by the resemblance which exists be- 
tween the tuberculous and the typhoidal processes, both showing a pe- 
culiar relation to lymphatic structures and both tending to concentrate 
the blood. Identical effects upon the blood follow also the experi- 
mental injection of tuberculin and typho-toxin. 
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By this meaus the considerable destruction of blood which results 
from the chronic toxemia, hemorrhages, and malnutrition of the dis- 
ease, is oltscured, and only becomes visible at autopsies on these sub- 
jects when the shrunken appearance of the tissues finds a purallel in 
the diminished total volume of blood which is often apparent tu th« 
naked eye. In the majorily of canea of weli-advanced phtlime, there/ore, 
approximiUeli/ nriiinal blood indicates conMiieiable abgorpfioti of (Ac lox- 
ines of the tuhei-de hacUlus. Prolonged and profuse night sweats, and 
severe diarrhea, doubtless have a similar effect, which, however, is 
usually overbalanced by the destruction of blooil which resulta from 
the associated septicemia. Normal bk>od is found in many phthisic*! 
patientJi who do not sweat or suffer from diarrhea. Yet in some ex- 
treme cases one or both of these factors may very well prove to be the 
chief influence in the concentration of the blood. 

:}. The third group of cases includes those who are anemic from tbft 
first or who become anemic in the terminal sta^ of the disease, in 
either instance from the destruction of blood which occurs in all se- 
vere septicemias. Since the severe hectic fever of phthisis is largely 
referable to mixed infection, the condition established Is not very dif- 
ferent from the ordinary type of pyogenic sepsis. The destruction of 
cells may be quite rapid. Malassez observed losses of 730,000 cells 
in one month, and 7()0,000 in three weeks in teases without hemor- 
rhage. Here belong the acute cases with grave anemia described by 
Malassez, Limbeck, and Orawitz, from which it appears that the binoa 
in tul>ervulosis may develop much the same characters ae in ptrninona 

Effects of Complications. — Ilrmoplyn'm causes impoverishment of J 
the blood in proportion to the extent of ihe Iiemurrhage. Malassea \ 
observed a reduction of 940,000 cells from small hemorrhages i 
perio<l of eight days. Amyloid d&fenemlion is seen with advanced aod m 
anemic cases, but its effects on the blood have not been speciallT' 
studied. Stenosis of the larynx, and diabetes, have been found witi 
concentrated blood. (Orawitz.) 

Regeneration of the Blood in PhtMsis. — Prompt regeneration < 
the blood after hemoptyses has Ijeen observed by Malassez, but ( 
improvement must depend largely upon the general condition of t 
patient. Laker came to the conclusion that if the Hb did not steadily 
improve af^er ojtemtion on tuheroulous foci, it might safely be < 
eluded that all of the disease had not been removed. In t 
Bierfreund's cases and in two of Brown's, this rule held good, and t 
times a steady decline in Hb preceded for several weeks the develop-fl 
ment of symptoms of general tuberculosis (vide infra). 

In phllii»ie, as icetl as in other tvherculoua proceaaea, great caution mtu 
he used in jitdrfinff of the pnfietit'ii improrejoent from an inereoM ti 
oe//t or lift. The wi-itcr hru urcn the Hb and red cells incrtOM « 
Ihe patinit was rapidly lonm; Jie»h, the legions ndnincing, 
total fpiantity of blood doubtUaa falling. In aeveral of Bierfrm 
taitea the Hb steadily increoMd tthiie Oie palient was developing g 
eniheToUo»it, 
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Morphological changes in the red cells are rather less marked than 
in most other types of secondary anemia, owing probably to the con- 
servative effect of a plasma of high gravity. When anemia exists it is 
usually of the simple chlorotic type with relatively high Hb-indez. 
In his case of grave anemia Limbeck described extreme poikilocytosis, 
but nucleated red cells were apparently absent. In two very anemic 
acute cases lasting 4 and 5 weeks, the writer found under two million 
red cells, but there were no distinct megalocytes and no nucleated red 
cells. Cabot finds that nucleated red cells are usually absent in 
tuberculosis, even after hemorrhage, and contrasts this fact with their 
abundance in carcinoma. Degenerative changes in the red cells in 
tuberculosis are not marked. In 13 cases of uncomplicated phthisis 
Grawitz^ found no signs of granular degeneration. 

The Leucocytes in Tubercolosis. — In the majority of cases 
of uncomplicated tuberculosis the leucocytes remain within normal 
limits or are distinctly deficient in number. This rule has been es- 
tablished principally by later observers, sinc« the earlier studies cited 
by Rieder, Reinert, and others, indicated that tuberculous inflammation 
usually excites leucocytosis. 

Yet Halla noted that leucocytosis was usually found only in ad- 
vanced cases with fever, and Rieder distinguished the fresh cases from 
chronic febrile tuberculosis by the absence of any increase of white 
cells in the former. It is perhaps a still more uniform rule that leuco- 
cytosis is found almost exclusively in the febrile and anemic cases, but 
it is absent also in many febrile periods. 

In pulmonary tuberculosis, an increase of leucocytes is usually re- 
ferable to suppurating cavities, advancing pneumonia^ severe anemia, or 
hemoptysis. Suppurating cavities, when of recent formation, usually 
raise the leucocytes distinctly, 16,000 cells being frequently seen, and 
when the lung is softening the excess may be much greater. The 
leucocytosis usually persists while the fever continues. With old 
cavities the expectoration may be abundant, but the leucocytes usually 
fall to normal. 

In the pneumonia of various types which complicates phthisis, the 
leucocytes are usually much increased, but considerable areas of diffuse 
tuberculous pneumonia may be found with acute miliary tuberculosis, 
which have failed to increase the leucocytes during life. A lobar pneu- 
monia causes the usual leucocytosis, but the writer has seen both lungs 
consolidated and riddled with small cavities, in a case lasting five weeks, 
yet the leucocytes were never found above 12,000. ITie absence of leuco- 
cytosis in these cases of acute phthisis which resemble pneumonia may often 
be of value in diagnosis. Similarly in a case of subacute empyema in 
which the tubercle bacillus was largely concerned, the leucocytes were 
found not to exceed 14,000 during an acute febrile period. 

Tlie leucocytosis of tuberculous oa^chexia is moderate, usually between 
10,000 and 15,000. After hemoptysis the leucocytes are increased in 
proportion to the hemorrhage, but the increase is transient. 

Acute general miliary tuberculosis offers the best illustration of the 
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failure of pure tuberculous inflamniatiou to iDduce leucocytosis. Rieder, 9 
Limbeck, Warthin, and Cabot iiiid rather a diminution of leuoooyteiyl 
often to an extreme degree and, as Warthin has shuwn, during a pro* I 
longed period. Minor suppurative complications neem to have oo I 
capacity to raise the white cells, but in some reported oases a high per- I 
ceutage of polynuclear cells was noted among the scantv leucooytea. j 
(Warthiu.) I 

Tnbercnlons inflammations of aeroos membranes, when uncompU- I 
cattid by pyogenic infection, follow the ty|>o of pure tubercuhms lO- I 
flammation elsewhere and fall to increase the leucocytes. In man^ I 
cases however there appears to be mixed infection, and the effusion, vx-m 
stead of remaining serous or Bero-«anguinolent, bt<oome» sero-purulont J 
and punilent. In such cases of pleurisy with sero-pnrulent or pura- J 
lent exudate the writer has found a moderate increase of leucocytes, 
usually in proportion to the height of the temperature. While it is 
undoubtedly true that the tubercle bacillus may of itself produee pus 
the fact remains that it is seldom or uever seen alone in purulent exu- 
dates. The slight leucocytrais that accompanies cases of purulent tu- 
berculous inflnmmalions of serous membranes is perha[» a further in- | 
dicalion that these cases represent mixed infectious. 

Tuberculous Meningitis. — In the majority of reported cases of t 
im[M>rtant localization of the disease leucocytosis has been absent, a 
seen by Limbeck,' Piok, Rieder, Sorensen. Yet in five of 7 i 
reported by Cabot and in one by Zicuike, there was distinct leuooc^-* I 
tosis, from 14,70<>-.34.UOn, while in one of Rieder's cases there v 
I4,40U white cells. It is difGcult to reconcile these conflicting reaulls. \ 
Some of tlie leucocytoses may have been ante-mortem phenomena, bnk I 
not all. Ziemke's case was one of advanced general tutierculnsis. TbaJ 
writer lias seen cases with leucocyt^isis, but complicating terminal pneO'' 1 
monia was In each instance found at autopsy. 

Hoipbology of Leucocytei in Tnberculosis. — In most cases of cfaron 
tabercnlusis. when the leucocytes are normal or diminished, the moot 
nuclear cells arc relatively in excess, but in some instances the usu 
rule is reversed, as in Warthin's case, and the polynuclear cells are il 
excess. Distinct lymphocytosis is seen in many chrouic cases, espt 
oally those with large lymph nodes (lymphatic anemia). Lymphnl' 
leukemia sometimes develo|)s in tuberculous subjects, but (he relatloa a 
the two diseases is iincertaiu. When distinct leuwwytosis occurs, exof 
of polynuclear cells is usual, and pyogenic infections, etc., are indicated 

Neusser believes ibat eosinophUin iniliuates relative immunity ti 
ouloeis. General experiencu seems to show tbat eosins are fl^queiitly pra 
ent, usually La normal numbers, in the bloud in [-hmnic tuberculosis, ) 
sometimes absent in the aeute cases, or when there is fever ami leucocyte 
Zappcrt found noue in 2 of 5 cases of fitbrile luberrulosia. They are c 
monly increiuicd, sometimes (o an i>xlrt:mc degree, in the afebrile period C 
lowing injections of tuberculin. (Znppert.) 

Tuberculosis of Bones and Joints. — Valuable studies in this fiel 
have been contributed by Brown In 7:^, and Dune in 41 cases, of tub* 
oulosis of liip and spine. 
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From these studies it appears that the above conditions are very 
frequently accompanied by moderate or marked leucocytosis (maximum 
41,000), which is usually referable to secondary infection and the for- 
mation of pus. Yet Brown observed several cases with leucocytosis 
but without formation of abscess, and believes that leucocytosis may 
be referable alone to increased activity of the tuberculous process. A 
frequent cause of leucocytosis, often of marked degree, was secondary 
infection of the sinus after operation. The leucocytosis was usually 
but not always associated with fever. Both authors agreed that when 
leucocytosis was absent in cases with abscess, secondary infection had 
not occurred, since the pus was sterile. They did not apparently con- 
sider the i)08sibility that a micro-organism once present may disappear, 
or that leucocytosis may disappear when pus ceases to form. 

Myelocytes have been reported in scanty numbers in a few cases. 

Chemistry. — Specal chemical alterations of the blood in tubercu- 
losis have not been demonstrated, but the usual changes of secondary 
anemia have been reported in a few cases. Hammarschlag found a low 
gravity only in cachectic cases. Moderate reductions only were ob- 
served by Devoto and Scholkoff, but Schmaltz found a gravity of 1.036 
in an advanced case of phthisis, and Grawitz's case of grave anemia 
gave 1.032. 

The gravity is much lower, in proportion to the loss of cells, than in 
pernicious anemia. Dieballa found a density of 1.039 in a case of 
phthisis with 2.4 million cells, and in one of pernicious anemia with 
only 840,000 cells. 

Freund found in the blood of tuberculous subjects a body which he 
regarded Jis cellulose, which Nischimura has likewise identified, while 
others have found the same substance in tul>erculou8 tissues. 

BacteriologicaJ Examination of the Blood in Tubercolosis. — 

Even before the discovery of the tubercle bacillus Weigert had 
pointed out the considerable involvement which the vessels may show 
in acute miliary tuberculosis. Weichselbaum, in 1884, was able with 
prolonged searching to find numbers of tubercle bacilli in stained 
specimens of the clotted blood of the great vessels in three cases of 
acute general tuberculosis. In the same year Meisels and Lustig both 
succeeded in finding tubercle bacilli in the blood intra vitanif the speci- 
mens having been squeezed from the finger tip during a period of ris- 
ing pyrexia. In the blood of the spleen the bacilli were much more 
numerous and Meisels recommended aspiration of the spleen as an aid 
in the diagnosis of obscure cases. Rutimeyer also succeeded in finding 
many bacilli in the aspirated splenic l>lood of one of two cases examined 
shortly before death. In a case which eventually recovered. Sticker, 
after considerable search, found a few bacilli in the finger blood taken 
on the tenth day of the illness. 

With the introductiou of tuberculin, Liebmann claimed to have found 
tubercle bacilli in 56 of 141 blood specimens, most abundantly about 24 
hours after the injection of tuberculin. Grave doubt was, however, thrown 
upon all previous work in this field by the negative results obtained by Qutt- 
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munn, and by Koi»el, who called atttiutbii to the danger of contomitii 
in 9uub specimens. This method of diagnosis has not been followed Up I 
liil«r years, although Kronig, in IS94, recommended the staining of oenic' 
fuged Uked blood in doubtful cases of miliary tuberculosia. 

Id the blood of tuberculous cadavers various miuro-orgauisms have 
been isolated by Pasqualc, Petruachkv, Canon, Welch and Xutloll, 
and others. Cultures of the blood during life have been mitde, by 
reliable methods, by Sittmanu, Kraus, Kuhnau, Hcwelke, White, Mich- 
aelis aod Meyer, and HirschlafT. 

Of their 79 cases of advanced and usually febrile phthisis, there 
were 23 positive and 56 negative results. Slapkylococciia pywjtnat atir- 
etis or aihm was isolated in 20 cases, Strepiococciu pyogenes and a diplo- 
ooccus in 1 case each, and the tubercle bacillus was once obtained from 
inoculation, by Kuhnau. The pyogenic germs were sometimes found 
together. Jakowslcy and Petruachky were rather more sucoensful, 
drawing the blood through the skin, but this method is unreliable. 

There can be little doubt therefore that the blood in tlte lute stages 
of phthisis suSers bacterial invasion an in other forms of septicemia. 
Kuhnau's one positive result from 12 inoculatioua of the blood of se- 
vere febrile cases does not encourage further search for the tubercle 
bacillus in the bloi>d of tuberculous subjects. 



LEFBOST. 

f^Winiarski, in 1892, studied the blood in 17 cases illustrating various 
phases of this disease. In some cases he found polycythemia, 6.38— 
6.09 million red cells, which may perhaps be referred to local stasis, 
as the hands appeared cyonosed. Few of the patients showed any 
marked loss of cells, the average being 5.05 millions for 9 men, and 
4.3 millions for S women. Winiarski therefore concluded that the 
milder cases of one or two yeara' standing do not suffer from any dis- 
tinct anemia. Yet in 2 advanced cases with extensive lesions, the red 
cells numbered 2.3 and 1.!) millions, and the latter patient presented 
many signs of pernicious anemia. In these cases the anemia was re- 
ferred to extensive ulceration. The Hb suffered even less than the 
cells, usually registering 80-1 18 percent in all but the two very 
anemic cases. The Hb-index was uniformly high, and in one case 
with 1.9 million cells and (j4 percent Hb, the index reached 1.7, An 
increased diameter of the red cells was noted in this and other cases. 
The leueocgles were normal or subnormal in number, and the lympho- 
cytes were in relative excess (maximum 47 percent), except when sap- 
pumtion occurred. 

Brown, more recently, reported hia observations in 16 cases, 8 of 
which appeared to be quiescent and presented normal blood, while only 
one showed severe anemia. He claimed to have found the bacillus in 
the leucocytes of the circulating blood in 9 cases, 8 of which showed 
the tubercular type of lesion. 
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Streker^ also^ examined the blood of 5 ''very anemic'' cases of 
leprosy and found bacilli both free in the plasma and inclosed in leuco- 
cytes. The blood was drawn with antiseptic precautions from a deep 
incision through normal skin. These observations are quite in accord 
with the reports of Joseph regarding the large deposits of Bacillus 
leprcB in the spleen. 

Spronck claims that the serum of leprous subjects^ in dilutions be- 
tween 1-60 and 1-1,000, agglutinates fresh living cidtures of the ba- 
cillus of Hansen, and he recommends the use of this test in diagnosis. 
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PART IV. 
CONSTITUTIONAL DISEASES. 

CHAPTER XVII. 

HEMORRHAGIC DISEASES AND THE HEMORRHAGIC 

DIATHESIS. 

Hemorrhages of greater or less extent occur in many general dis- 
eases, in which the loss of blood is not referable to any specific predispo- 
sition on the part of the individual but to peculiar conditions arising in the 
course of the disease. Such hemorrhages are regarded as symptomatic. 

The chief causes of symptomatic hemorrhages are : 

1. Infections, as in many severe infectious diseases such as septi- 
cemia, scarlatina, smallpox, measles, etc. 

2. Mechanical, as in partly asphyxiated infants, or other conditions 
of marked venous stasis. 

3. Toxic and autotoxic, as in poisoning by the so-called blood- 
poisons, or in jaundice, anemia, etc. 

4. Nervous, as in rare forms of hysteria. 

In the hemorrhagic diathesis probably all the above factors are at 
times unusually active but there is believed to be in addition a specific, 
preexisting, often hereditary change in the blood which largely deter- 
mines the various manifestations of this diathesis. Modem bacterio- 
logical and chemical research has now considerably narrowed the scope 
of the hemorrhagic diathesis, and at present it is impossible to claim 
that any peculiar predisposition to hemorrhage exists except in cases of 
hemophilia. Yet it remains conveipient to describe the various idio- 
pathic purpuras, scurvy, and hemophilia, as closely related conditions. 

PURPURA HEMORRHAaiOA. WERLHOFF'S DISEASE. 

The etiology of this disease still remains obscure, although the evi- 
dence pointii more and more toward some form of infection as the es- 
sential element in the majority of cases. The prominence of hemor- 
rhage in the symptoms of many infectious diseases has prepared the 
way for an acceptance of this view. In adults, the extent of the 
hemorrhage attending well identified forms of infection is rarely so 
great as in pronounced cases of purpura hemairhagioaj in which often 
no bacterial origin has been demonstrable. In infants, however 
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fectiona by the ordinary pyogenic bacteria have become recognieed ■ 
a frequent source of fatal hemorrhages constituting for that age the 
typical picture of Werlhofl"'s disease. 

There are bow mauy cases of purpura hemorrhagica on record in which 
bacteria logtca) examinatioD of the blood or viscera showed the prceence of 
bacteria wliicli were regarded ns the caufie of the disease, lu some cases 
bacilli were isolated, which were not fully idcntiRod. Letzerich's BaciUua 
purpura in many respecte resembled RacUlus anlhraci», and produced in ani- 
mals, and possibly iu Ibe investigator's own per^^ou, a hemorrhagic disease . 
resembling Werlhoff's. Sireplococcue pyogenes has been isolated in typical 
cases by Hanot and Luzct, Widal and Thereae, Ouarnieri, and others. In tlie 
first of these the disease was transmitted from mother to fetus, the latter 
dying and yielding a pure culture from the blood. In infanta, rapidly htal 
hemorrhagic infections of this nature are not rare. 

Staphyloooceut pyogenes aureus has been isolated by Lebreton, LItten, 
Fiacht and Adier, Lewis, Silvestrini, and others. Fiachl and Adier claim to 
have produced a fatal anemia in animals by inoculation with their coccus. 
Kolb obtained sterile cultures of the blood in G c-osca, but from the viscera of 
three of tbcAe, 3~4 hours after death, he isolated a diplobacillus which caused 
hemorrhagic septicemia iu various animals. Auche obtained both the stapb- 
ylococcuB and streptococcus in a fatal case, and Levi obtained in another 
both Streptoeoeeus pyogenes and the pneumocoecus of Frankel. 

The Pnetimocoecas laneeolalus was isolated post-mortem by Claisae and 
by Claude. RacUlus pyocyaneas was obtained post-mortem from a case of 
melena neonatorum by Neumann, and Bacillus ecli communis by I>aaaac, 
Legendre, and others. Hamilton and Vates report a rapidly fatal case 
showing, t«D hours post-mortem, Bacillus aerogenea capsulatus. McLeod ob- 
served a case closely following Malta fever, and conditions described as pur- 
pura hemorrhagica have been reported as following pertussis, tuberculosie, 
ooDgenital syphilis, etc. Negative results arc reported in a fatal case by 
Deoys ; in a purpuric complication of angina, by Legendre ; and in chronic 
cases by Marfan, and by Millard. 

In the majority of the above cases the bacterium was obtained post- 
mortem and from the viscera, or during life, from the lesions in the 
Bkio, and was rarely dcmoDstnited in the circulating blood. Never- 
thelese there can be but little doubt that a numerous group of cases of 
purpura homorrbogicn exists which is referable to a variety of bacteria, 
as represented in tlie above reports. 

// sfrms tiecessaty therefore to provinonally separate the cases of pur- 
pura hemorrhagica of probable infectious origin from those which in no 
respect rescmbk an inferfioim disetisr, and are therefore probafAy aeuie 
tnatiifi-alaHoiUf of hemophilia. 

Ohasges in the Blood. — In most of the febrile infectious cases of pu»^ 
pura hemorrha<fiea the anemia is not excessive and appears to be soo- 
oudary to the infection and the loss of blood. Id mild nine* tlie red 
cellfi are slightly diminished in number but exhibit no other alteratioos. 
Carriere and Gilbert report cases with 3.36 million and 3.9 milliou 
red cells, many of which were microcytes. In more severe cases the 
red cells may be greatly diminished, in proportion to the extent of 
hemorrhage, but a microcytic type of red cell is usually prominent. 
The Hb-index is subnormal. Nucleated red cells occur when hem 
rhages are lai^ or frequent. 
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In a fatal case in an infant, yielding a pure cultnre of Streptococcus 
pyogenes at post-mortem, the writer found the blood to show all the 
characteristics of primary pernicious anemia. In 4 other cases of fatal 
hemorrhage in newborn infants at Sloane Maternity Hospital, the 
subjects had bled to death in the course of 3—5 days, but the blood 
showed only the characteristics of secondary anemia with leucocytosis. 
Leucocytosis has been noted by the majority of observers. In one 
case Carriere and Gilbert found 126,000 leucocytes, 90 percent poly- 
nuclear, and 5.8 percent eosinophile. In the writer's cases in infants 
the leucocytosis reached as high as 56,000, but the eosins were scanty. 
A very marked degree of polychromatophilia was observed in two 
cases by Spietschka. 

Hayem * and Bensaude have described a peculiarity in the blood of 
purpura hemorrhagica which they claim to be pathognomonic. On 
allowing the blood to clot in a vessel it was found that after 24 hours 
the retraction of the coagulum is very feeble and fails to express the 
serum, as happens in normal blood. Associated with this feeble coagu- 
lation there is a marked reduction of blood plates (200,000 to 50,000). 
These two features of the blood were noted in 16 cases oi purpura 
hemorrhagica, but in 152 examples of other diseases, some with pur- 
pura, the feeble clotting and loss of blood plates were never found to 
be combined. 

Non-infections Idiopathic Purpura Hemorrhagica. — In addition 
to the cases of purpura which arise in the course of infectious diseases 
or after various infectious processes, in which hemorrhage constitutes 
the chief symptom of a cryptogenic infection, there are other cases of 
rapidly fatal anemia attended with severe and repeated losses of blood 
for which a different etiology is indicated. 

Some of these cases are difficult to distinguish from pernicious 
anemia, but differ from that disease in the absence of megaloblastic 
changes in the blood or marrow, the great predominance of microcytes 
in the blood, and the prominence of hemorrhage among the syniptoms. 
They differ from the infectious purpura in the more persistent hemor- 
rhage, the absence of leucocytosis, and the absence of general symp- 
toms of an infectious disease. 

Such cases have been reported by Ehrlich,* Engel, and others, as 
pernicious anemia without characteristic changes in the blood or mar- 
row. The writer can find no evidence on which to claim that per- 
nicious anemia can exist without such changes in the marrow, and 
believes that these cases belong to the diseases referable to the hemor- 
rhagic diathesis. This view is supported not only by the great dis- 
similarity in the blood changes of the two conditions but by the ab- 
sence of any marked deposits of iron in the viscera. (Zalesky.) 

Of the various etiological factors to which fatal purpura has been 
attributed the non-infectious variety may be referred to any or all ex- 
cept the presence of bacteria. The underlying condition is probably 
identical with that of hemophilia of more typical course. 

Ohanges in the Blood. — ^llie red cells are rapidly diminished in num- 
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ber, reaching before death an extremely low figure. In a case of t 
writer's persistent epistaxis reduced thera in three weeks to 4.')6,0OO. 
In a case reported by Billings they numliered 483,000. In Engel'a 
case there were over two millions. Contrary to the rule in secondary 
anemia following hemorrhage, nucleated red cells are extremely scarce 
or abseut. The majority of the red cells are undersized and many are 
of oval shape. The leucocytes are normal or reduced in numl^er and 
of those remainiug a large proportion (90 percent, Engel ; 80 percent, 
Ehrlioh ; 7-5 percent, Billings) are lymphocytes. Eosinophile cells 
are scarce or absent. 

HEMOPHILIA. 

Hemophilia is an extremely hereditary constitutional anomaly which 
predisposes the subject to persistent and fatal hemorrhages of traumatic 
or spontaneous origin. The peculiar law of heredity which transmits 
the condition to males, only through the female parents who are them- 
Bi'lves usually exempt, as fully set forth by Grandidier and Stahel, 
not only marks this malady as the clearest possible illustration of the 
hereditary transmission of disease but completely baffles the attempts 
to prove its dependence on any infectious agent. 

The essential lesion has been held liy many to lie in an unnatural 
Ikinnean and iwiTowncM of the drterieg (Virchow). In somewhat altered 
form this theory is maintained by Immerman and Oertel, who hoid 
that there ia a dixproportion hrtieecn th- bulk of hlood ami (he <xipa/yily of 
tlif. blowi tti/stem, referable in part to hypoplasia of vessels (ImmerDian) 
or to hydremic plethora. I'rocccding on this theory Cohen claims to 
have considerably lessened the tendency to hemorrhage in a pro- 
nounced bleeder by a prolonged course of diuresis and diaphoresis. 
In partial support of this mechanical theory are cited a few cases io 
wliich the heart was hypertrophied, and the vessels of small size, and 
showing fatty, hyaline, or granular degeneration. 

A tooil orii/iii is perhajia indicated by the case cited by Stengel, in 
which the hemorrhages were observed to occur from cuts above tb« 
neok but never from those below, 

Recklinghausen holds that a dlnortlcr of fhi- nciToiw si/stfui is the 
essential cause of the hemorrhages, and Henoch believes that the local 
condition is one of paralytic dilatation of vessels, followed by dia]>ode- 
sis. The condition has been seen in some very remarkable forma ta 
neurotic and hysterical subjects. (Steugel.) 

Little success has followed numerous attempts to demonstrate essen- 
tial changee io the blood. Albertoni claims to have found dimin- 
ished rcsisliuiw in tJie red cells. In morphology there is uniform 
agreement that the l)lood presents nothing |)eculiar. Decreased coagu- 
lability was held to be constant, by older writers (Grandidier, Jjossen), 
and has later been ottscrved by Schmidt and Manteuffel, who foui^ 
that the blood in hemophilia requires longer than usual to clot, while 
its {!<>agulatiou may be greatly hastened by adding a zymoplas^c sat^- 
stancG (fibrin ferment). The fibrin itself is apparently not greatly 



diminiahed, 5 percent having been fouod by Heyland, 2.6 percent by 
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Gavoy and Ritt«r, and 4.3 percent by Otto (cited by Ijitten). 
"Koch's theory of the infectious origin of hemophilia 



wortli discussing." (Litten.) 

Studies in pathological anatomy have also failod to show any oon- 
staut lesion of essential importance. In most of the viscera there are 
the lesions which follow aciit« or chronic anemia. Buhl described an 
unusually rich network of capillaries in the skin of one case, but the 
tissue was the seat of a chronic inflammatory process. Birch-Hirsch- 
feld fouud normal vessels, slightly fatty heart muscle, and slight 
hyperplasia of tlie splenic stroma. Litten noted areas of grauular de- 
generation in capillary endothelium, and irregularity in outline or 
widening of intercellular spaces between these cells, but suspected 
these changes to be artificial. In a series of cases hypoplasia of the 
heart furnished the basis of Virchow's theory. 

The blood changes are determined by the extent of the hemorrhagee, 
but leucocytosis has been absent in the few cases reported. In general 
the blood resembles that of non-infectious purpura heriiorr/uiffica. 



SCURVY. 

Etiologry. — ^The most important fact in the etiology of scurvy is its 
intimate relation to improper diet. Aside from the almost exclusive 
occurrence of the disease in subjects whose food has been restricted in 
variety, it has been repeatedly demonstrated that the malady may be 
promptly cured by supplying some element previously deficient in the 
diet. Even a change in water supply has eradicated epidemics in 
garrisons. Scorbutic infants rapidly recover from grave stages of the 
disease after such apparently trivial assistance as a change in the milk. 
Yet it has never been fully determined just what chemical substance is 
concerned in the causation and cure of the disease. It has even been 
claimed that diet has no relation to the malady, but all such reports 
have thus far, on investigation, failed to be supported, although they 
have demonstrated that the dietetic error may be very trivial. Thus 
Seeland, regarding a somewhat limited army ration as full mised diet, 
came to regard the cases of scurvy under his care as of miasmatic 
origin. Accumulating evidence has shown that the most frequent 
source of the disease is a too exclusive diet of meat, especially if salted, 
and the absence of fresh vegetables, especially of potatoes, which are 
very rich in potassium. 

Guided by these observations various theories of origin of scurvy have be 
elaborated, only to be disproved by later study. Among these is the belief 
that the symptoms were caused by excess of NaCI in the blood, a condition 
long since shown to characterize moat forms of anemia. That the essrni 
element in the disease consists in a deficiency of potassium in the blood waa 
held by Garrod, Liebig, and Hirsch, but a loss of potassium from the blood, 
with excess In the urine, while not constant in scurvy, is observed in other 
conditions. Similarly the opinion of Ralfe and Cantani, that a deficiency of 
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B&lts of vegetable organic acids and correBpanding diminutioD in 
Unity of the blood is the imparlaat factor, has failed to receive support. 

Nevertheless to those who have observed the immediate effects of 
correction of diet in severe cases, especially !□ children, this tield of 
investigation appears most likely to oHer the true explanation of the 
disease, for which the sole hope is an advance in our knowledge of the 
chemistry of digestion and absorption, and of the blood. 

On the other hand there are on record some very suggestive bacteri- 
otoffitxU aliulifn of scurvy, pointing toward an infectious nature of the 
disease. The injection into animals of blood from scorbutic patients 
caused purpuric lesions and internal hemorrhages in the experiments 
of Murri,' Petrone, and others. Babes failed to find bacteria in the 
blood of a scries of cases and failed to produce significant lesions hy 
injecting blood into animals, but from excised portions of the spongy 

turns he isolated a bacillus, regarded as identical with one previously 
escribed by Muller as common in the buccal cavity, and by injections 
of the comminuted tissue he produced, in two out of a series of rab- 
bits, a form of hemorrhagic septicemia. From the visceral lesions he 
recovered this same bacillus along with the ordinary bacillus of hemor- 
rhagic septicemia in rabbits. It does not appear that much significauoe 
can be attached to these results, although they are commonly quoted 
as strongly supporting the infectious theory of the origin of scurvy. 
RoBcnell also recovered a somewhat similar bacillus from the viscera 
of a fatal case of scurvy, but inoculations into rabbits were negative. 
Entirely negative results were obtained by Wicruszky in a large num- 
ber of cases. Most of his cultures of the blood were sterile, but in 14 
cases he found various germs to which he could not assign any relation 
to the disease. 

In recent years the bacteriological study of scurvj' has not proved 
an inviting or accessible field to competent bacteriologists. 

A rewnl important study directed toward tbe chemistry of the blood and 
of digeetioD is that of Albertonl, who has shown that there is a marked losa 
or complete at«ence of fi%e HCl in the gastric juice in scorbutic patients, 
that gastric digestion is deficient, that intestinal putrefivctjon is excessive, 
and that there are abundant evidences in the urine of absorption of toxic 
products, while the absorption of fats and carbohydrates Is deficient. In 
the bloo(l, Albertoni found a much greater reduction in iron (.3-.39 percent) 
than is seen in other anemias with equal numbers of red celU. The sodium 
and potassium varied between normal limits. Tbe greenish yellow color of 
the serum and the excess of pigments in the urine were evidences of active 
destruction of blood celts. 

Obanges in the Blood. — The morphological clianges in the blw 
in scurvy resemble tliose of secondary anemia from hemorrhage. 

The red cells in cases of avenige severity numlwr between 3 a 
millions, but mth severe heraorrimgoa the anemia may become \ 
grave, as in Bouchut's case in which, after three weeks of perstsi 
epistuxis, the red cells were reduced to 557,000. The reports of I 
kow, Hayetn,* Wieruschky, and Albertoni, show that the red cells \ 
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in Dumber aud size according to the length and aeverity of the disease, 
Litten saw many megalocytes and shrunken raicrocytes, evidently ia 
severe cases, Albertoni found evidences of solutioD of red cells io the 
plasma, and an excessive number of pale cells or fragments of cells 
have been deacrilied by several observers. The Hb-index is low, 
White finding 20 percent Hb with 40 percent of red cells, while Bec- 
querel and Albertoni found the iron content much lower timu in other 
anemias. Opitz and Duchek, however, reported a normal or increased 
proportion of iron. 

The proportions of sodium and potassium salts vary as in other 
anemias, aud the claims of Italfe and Cantan! that the alkalinity of 
the blood is deficient have not been supported. 

On account of the frequency of infiammatory complications and 
hemorrhages the leucocytes are usually increased, Uskow finding as 
high as 47,000. Litten, however, observed no leucocytosis, and the 
writer, in two well-marked but uncomplicated coses, found no increase. 

In Barlow's disease, which is a form of scurvy with extensive sub- 
periosteal hemorrhages, tlie condition of the blood varies greatly, ac- 
cording to the general condition of the patient and the number and ex- 
tent of the hemorrhages. All grades of post-hemorrhagic anemia have 
been observed, up to Reinert's fatal case in which the Hb fell to 17 
percent aud the red cells to 976,000. The disease is often associated 
with rachitis, 

HEM0CTT0LYSI8. 

When the isotonic tension of the plasma falls below that of the red 
cells, the Hb may become dissolvt-d in the circulating blood, and the 
shadow-like remnants of the stroma of the cells are distributed in the 
plasma. In other conditions, even without loweretl isotonic tension of 
the plasma, the red cells may be split up into fragments. The purest 
examples of the former variety of destruction of red cells are perhaps 
seen after extensive infusions of salt solution, while the latter variety 
ia observed especially from the eflFects of certain blood poisons, e. g., 
potassium chlorate. Usually the two processes are combined, as in 
the anemias and infectious diseases, while in some conditions the exact 
manner of the solution of Hb remains unexplained. 

The chemical processes in the cell leading to the solution of Hb are 
somewhat obscure, sinoe this constituent is probably held in chemical 
combination with the stroma and not merely held in ititu by a hypo- 
thetical cell membrane. Thus the most extreme form of hemoglobi- 
nemia (paroxysmal) may occur in blood of comparatively high isotonic 
tension, while the high grades of globulicidal activity of the plasma in 
infectious diseases are not always associated with hydremia. 

The morphological changes occurring in dissolving re<l cells are also 
not fully identified, although it appears more and more probable that 
many forms of degeneration previously described in red cells are the 
precursors of the complete solution of Hb. The polychromatic de- 
generation of Maragliano, that of GHbritschewsky, and the granular ' 
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dcfjneneration of Grawiu, are protMbly mocphologMal signs iodioMtng 
approaching or pm^rcnive soltttioo of the cell. FVom exlcfHive stiidy 
of the anemu &>!li>wiitg pj^mdiii pnuoniDg TsUqoiM concludes that tfie 
jrreaeiKt of mirrt^yfttx is a ngn tf ktmaioljw, vAilr me^aiocyta mdieaie 
rtgatfraiiim of Ote Uood. The d»)olv«d Hb imputa to the plasina, in 
the eoain-MtainMl specimeo, on abn»nnal recMeh tinge, and diaoolon 
the «entm. Wbea present in moderate amount it may be gt*diuiU7- 
trunformed hy the liver into bile-pi^ment, which is oocasiouaJlr re«l>- 
torboi from the biliary poosages, caosing hemaU^enons jaundioe. The 
pmenoe of an exccaaive amoont of Hb in the plasma is apparentlv the 
diief reaaon why it is Bometimea excreted by the kidoey^ and appears 
in the urine aa hemoglobin or methemoglobta. During ite passage 
through the liver, kidney, 
f">- 24. and other tissues, a oon- 

Biderable portion of the iron 
is retained in the demoastra- 
ble granular or diffuse form 
of hemosideria. 

Under some conditions 
not fully understood, bat 
believed by Thoma to consist 
essentially in the relative 
absence of oxygen, disinte- 
grating red celU are trans- 
formed largely into brown- 
ish granules or orystals of 
liematoidin. This change 
iisuiilly takes place withoat 
the intervention of cellular 
activity. (Thoma.) It fre- 
quently occurs post-mortem. 
Broken fragments of red 
cells and the stroma of dis- 
intogmted corpuscles float in the plasma for a time and may be observed 
in llie ittainod spwimen, but are gradually englobed by phagocytic cells 
and lodgwl in vurious organs, priucipally in the spleen. 

The anemia of the infectious diseases, especially in grave septic 
conditions, is ostoblished rapidly and to a large extent through the di- 
rect iHilntion of red mils by the globulicidal plasma. The condition 
is o^en attended during life by hemoglobinuria, and af^r death ez- 
teotive dejtosita of blood pigment are found in all viscera, especiallj 
in the spleen and liver. 

In malaria varicnis forms of destruction of red cells occur, which 
will be <-<nisid<'n-<l later. 

Special Oonditions in Whioh Blood Cells Are Rapidly Destroyed. 

OtDeral Bums. — The rcmarkuble effect of high temperatures tn 

splitting up Twi cells may Ix* readily observed by beating a fresh speo- 
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imen over a flame. Schmidt found that this effect occurs with tem- 
peratures above 50° C. The writer failed to find any traces of disin- 
tegrated red cells in a series of rabbits exposed for other purposes to a 
temperature of 45-46° C. In animals that had been scalded Wertheim 
found many subdivided red cells. In fatal cases of burns in the 
human subject similar effects may be observed, but not in a degree 
sufficient to cause death, which must result from other factors. That 
hemoglobin may be dissolved in the plasma and appear in the urine 
after burns is stated by Hoppe-Seyler. 

Snake poison contains a toxic globulin or albumen which dissolves 
red cells and produces hemoglobinemia and hemoglobinuria. 

Fumes of arseninretted hydrogen are very active, when inhaled, 
in dissolving red cells, producing hemoglobinemia, hemoglobinuria, 
with Hb-infarcts in the kidneys, and acute degeneration of the viscera. 

Poisoning by toadstools, by the alkaloids of Quillaia saponaria 
(saponin, sapotoxin), of Solarium, and other motor-depressants, dis- 
solves red cells in the blood, and leads to hemoglobinuria. (Kobert.) 

In a fatal case of poisoning by Qoiacol, Wyss observed rapid de- 
struction of red cells, finding many degenerated, fragmented, shrunken 
reil cells and megalocytes, on the second to third days. The white cells 
were considerably increased and the majority of these were lymphocytes. 

Nitrites. — Poisoning by nitroglycerin and by amyl nitrite is said to 
occur in the manufacture of these chemicals, and to be followed by 
methemoglobinemia. 

Nitrobenzol poisoning was studied in a fatal case by K. Ehrlich 
and Lindenthal. 

Ten hours afler the initial symptoms the blood was chocolate colored, the 
serum brownish, and spectral analysis showed the presence of methemo- 
globin, which disappeared by the eighth day. The red cells were rapidly 
reduced, 2,275,000 on the fifth day, and falling to 900,000 before death on 
the nineteenth day. Poikilocytosis appeared on the third day and soon 
reached a remarkable degree. Polychromatic and fragmented cells were 
abundant. Nucleated red cells were first seen on the third day, and there- 
after in very large numbers and of all sizes. On the ninth day the leuco- 
cytes, previously low, rose suddenly to 61,000, and the nucleated red cells 
were reported at 24,700. .Judging from the authors' plates it was perhaps 
difficult to distinguish between karyorhexis in some nucleated cells and ex- 
treme forms of the granular degeneration of Grawitz. The Hb fell steadily 
to 40 percent, which, with 900,000 cells, was a remarkably high Hb-index. 
There were many myelocytes among the white cells, so that at one time the 
blood presented the appearance of leukemia. The bone marrow was not 
examined. These interesting observations recall the efibrts of Bignami and 
Dionisi to produce experimental pernicious anemia by means of toluendia- 
min. The morphological characters of the blood described by Ehrlich and 
Lindenthal probably represent an extreme degree of the efibcts upon the 
blood of the entire group of anilin poisons. 

Transfusion of Salt Solution, Semm, and Deflbrinated Blood. — 
Siegcl and Schram both found no improvement in the regeneration of 
the blood from the transfusion of salt solution or of seram in animals 
after bleeding, and while it has since been shown that the reffeneim- 
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thun as a stlmnlant Ui blood formation. The direct eSeets on tlie 
blood of iafusioQ of defibrinated blood se«m to be much more favorable. 
On the other baud, after the transfusion of bloo«i, the above observers, 
and others, have found a rapid increase in the number of cells, and 
Bizzozero rejwrted the same effect after transfusion of defibrinated 
blood in animals. Quincke was one of the first to note an inercam.' 
in red cells in pernicious anemia as a result of transfusion of blood, 
and similar observations have been made by Ziemann in anemia ami 
Bcurvy, It would seem, from the observations of Bizzozero and of 
Bareggi, that the red cells are quite resistant to the process of defibrina- 
tion and injection. Of the immediate effect* of salt infusion upon the 
blood of the human subject there are a few reports at band which 
dicate tliiit it has considerable influence in lowering the number of 
cells and increasing the leucocytes. 

MethemoglobiDemia. — Various jwisons not only dissolve red 
but at once transform the hemoglobin into methem<^lobin. The bl< 
in such cases may exhibit a distinct chocolate color. 

Potasalnm chlorate is one of the most frequent forms of poi 
iDg which Miuse destruction of red cells with methemoglobinemia 
According to v. Mering the KCIO, acts directly upon the cells and 
is itself thereby reduced, while Marchand, Fnlck, and others, hold that 
the serum is first altered. Brandenburg reports a fatal case in whit 
the red cells fell in 6 days from 4.3 to 1.6 millions. Many of them 
deformed. The blood and serum were chocolate colored and ) 
daring the first 5 days only, the spectrum of met hemoglobin. 1 
was marked leuoocytosis (20,000). 

Sticker reports a severe case of poisoning after a vaginal doucbe 
solution of chromic acid, the patient passing brownish utine. He 
fersto other fatal cases with similar eigni 

PyrogAllol and pTTOgalUc acid have caused death nitb symptoi 
methemoglobinemia. (Grawitz." 

Aiitifsbrin« has been found to produce extreme methemoglobii 
in animals (Ijepine) and in man (Muller), but neither of these 
servers could find any morphological changes in tlie blood of subji 
dying from this cause. 

Antipyrine produces toxic symptoms similar to those of antife! 
but report* on the examination of the blood in severe cases are 
ing. (See Falk, XruUer.) 

Poisoning by 00. — A bright cherry red color of the blood is a 
actcrietic sign in eases of "gas poisoning," and is referable t 
presence of CO-Hb. The methods of diagiiosis of this condition 
spectral analysis have already been considered. (See p. 

Poisoning by Hydrocyanic Acid. — The bright red color of the 
in this condition is referable to tlie presence of cyan-methemog;l) 
Robert), which g^ves a characteristic spectrum. The 
oeath ia believed by Oeppert to be throngh inhibition of the met 
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processes in tissues^ so that CO is not discharged and oxygen not ab- 
sorbed. Morphological changes in the blood have not been reported. 

Paroxysmfld Hemoglobinaria. — ^This remarkable condition, con- 
sisting essentially in the rapid solution in the blood stream of enormous 
numbers of red cells, followed by the appearance of Hb in the urine, 
was recognized by Stewart more than a century ago (1794), and has 
been widely studied in its various phases ever since. Chvostek's 
monograph reviews the literature up to 1894. 

Etiology. — The most peculiar feature of this malady is the appar- 
ently trivial nature of the exciting causes of solution of the red cells. 
Slight exposure to cold, even of a part of the body, has been the most 
common exciting cause, many confirmed subjects being able to induce 
an attack at will. Other exciting conditions have consisted in mental 
excitement or nervous irritation, and muscular or nervous exhaustion. 

In recently malarious subjects Tomasselli and Koch have placed be- 
yond doubt that quinine is a frequent exciting agent. An infectious 
origin has been suggested by Layral and by Cima. The underlying 
conditions which predispose to the disease are known to include only 
constitutional syphilis (Boas, Grotze) and malaria (Legg), but in a con- 
siderable proportion of cases neither of these factors appears to exist. 

Pathogenesis. — That a vasomotor neurosis is prominently concerned 
in the solution of blood cells is strongly suggested by the frequency 
with which nervous influences have been known to precipitate the 
attack. This theory, first suggested by Dapper in 1868, has been 
uniformly maintained up to the present time by the majority of ob- 
servers. The further attempt to explain the destruction of blood by 
this means has as yet been unsuccessful. Chvostek concluded that as 
a result of malaria, sjrphilis, etc., the red cells possess diminished re- 
sistance, not to cold but to mechanical traumatism, and that when the 
<;irculation is disturbed by vasomotor contraction of peripheral vessels 
the fragile red cells become dissolved. He supported his view by 
showing, as Dapper had done, that the disturbance of circulation fol- 
lowing ligation of a finger may cause solution of red cells in the ab- 
sence of cold. With Pavy, McKenzie, Rosenbach, and others, he» 
attributed to the kidney a special importance in the process. Murri * 
has offered evidence to show that the red cells are abnormally suscep- 
tible to the effects of cold, and that by paralytic dilatation of periphend 
vessels they become exposed to cold and dissolved. But Rodet failed 
to find, by experiment, any lack of resistance of the red cells against 
<;old, and numerous cases have been observed to follow muscular and 
mental over-exertion. (Fleischer, Strobing.) Ehrlich supposes that 
in the predisposed subjects, exposure to cold causes the development of 
" ferments " which dissolve the red cells. 

Post-malarial Hemoglobinemia. — ^The relation of blackuxUer fever 
to malaria has been the subject of much discussion, the opposing views 
in which are fully presented in the studies of Koch and of Plehn. 
From the observations, correlated and largely contributed by these ob- 
servers, it is evident that hemoglobinuria arises : 
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1. As a direct result of the actioa of the malarial paraflite upon the 
blood. 

2. As an immediate effect of the administration of quinine on pa- 
tients prediapoaeti to liemoglobinemia from present or preexisting ma- 
larial infection, 

3. It ia probable that hemoglobinuria results from simple exposure 
to cold, or to other exciting agenta, in subjects who have acquired the 
predisposition through previous malarial infection. 

Pleho fully demonstrates that blaclnvater fever may occur in patients 
Buffering from malaria, without tlie administration of quinine, and with 
or without notable exposure to any of the ordinnrj' exciting causea of — 
the condition. Numerous cases collected or observed by Plehn " 
this fact apparently beyond doubt. 

Flehn's report that a special variety of parasite is concerned 
blackwater fever has not been confirmed, and it is probable that the 
author mistook the peculiar appearance of granular d^eneration of red 
cells for minute parasites. The most extensive changes of this type 
observed by the writer were seen in severe malarial cachesia at Mon- 
tauk, 1898, and in many instances the altered red cells presented a re- 
markable resemblance to corpusclesinfected with young malarial para- 
sites. 

On the other hand Koch has recently drawn contrary conclusions 
from a thorough study of 41 cases. He finds that hemoglobiDuria 
does not necessarily follow even when 80 percent of the red cells a 
infected with parasites. The great majority of his cases developed ■ 
few hours after the administration of quinine. With regard to the T 
lation of malaria to blackwater fever he found that : 

(1) Parasites may be present in the bl{>od, but there is no relation 
between their numbers and the severity of the hemoglobinuria. 
(2) The patient may have suffered from malaria some weeks or 
months previously. (3) In two fatal cases in the tropics he fbuMl \ 
neither parasites in the blood nor pigment in the viscera. 

Koch concludes that life in the tropics, and especially malarial i 
.Section, predispose certain individuals to hemoglobinuria, but that t 
attack is invariably excited hy quinine, or occasionally by exposure to 
cold or heat, etc. His further claim that no cases arc referable to 
malaria alone cannot be accepted in the face of the oltservations o 
Plehn and many others, of fatalities occurring in the course of E 
larial infections which have not been treated by quinine. 

Ohaagss in the Blood, — Tlie destruction of bed celi* very prompi 
reduces their numbers in tlie peripheral cireulntiun, as shown by t 
reports of numerous observers. Bristowe and Copeman in a series of 
attacks induced in the same patient found a maximum lose of red cells 
of 129,000 to 824,000. In an idiopathic case of moderate severity 
GrawitE found a loss of 1.13 millions following a single paroxysm. Us- 
ually the reduction in colls is not so marked, and Grawilz has explained 
this fact by showing that, from vasomotor spasm and increased d' 
daring the attack, the blood is considerably concentrated, since tJ 
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residue of the blood and serum is considerably increased after the 
seizure, notwithstanding the loss of cells. For the same reason and 
because the Hb is not immediately removed from the serum, the per- 
centage of Hb is not excessively low during or immediately after the 
paroxysm. Indeed Frazer found an increase of 10 percent of Hb 
about an hour aftier the beginning of an attack. Usually there is a 
loss of 5-10 percent. Ponfick claimed that at least one-sixtieth part 
of the Hb of the blood must be lost before it will appear in the urine. 

The appearance of the blood in the stained specimen taken shortly 
after the paroxysm usually gives evidence of active destruction of 
blood. The red cells may fail to form rouleaux, although having pos- 
sessed this property just before the attack. Many very pale, or 
shrunken, or fragmented cells have been observed in some cases, while 
in others the red cells were found to contain a normal amount of Hb. 
After repeated attacks megalocytes appear. On the other hand Koh- 
ler and Obermayer found no morphological changes in a case losing 
650,000 red cells and 10 percent Hb. The presence of polychromatic 
cells or of granular degeneration of red cells has apparently not been re- 
ported, but in a case of blackwater fever, shortly before death, the writer 
found the latter form of degeneration in extreme degree. Frank noted 
in a paroxysmal case that the red cells in the fresh condition looked 
pale and brownish. The serum has been found distinctly tinged by 
the dissolved Hb. Bristowe and Copeman found pigment granules, 
crystals of Hb, and colorless crystals resembling Charcot's. 

The LEUCOCYTES were found by Frazer moderately increased (21,- 
OOOJ, but the majority of observers have reported them as normal, or 
if aoove normal, as being little aflTected by the paroxysm. The blood 
plates have been reported as very much increased (Frazer, Mesnet), as 
seems very probable from the extensive destruction of red cells. 

The COAGULABILITY OP THE BLOOD is normal or increased. 
Hayera * noted that the rapidly formed clot 8oft;ens very soon, which 
Chvostek finds is observed in other conditions. The resistance of the 
red cells, as determined by Hamburger's method, was found by v. 
Hoff to have fallen to 38 percent NaCl, and Sabrazes, using Malas- 
sez' method, also found it reduced. 

Following the destruction of red cells there is usually a reduction 
in the alkalinity op the bloodu Kobert believes this to be due 
to setting free of phosphoric and glycerin-phosphoric acids during the 
separation of oxyhemoglobin from the red cells. 

The regeneration of the blood is, in uncomplicated cases, very 
prompt, Bristowe and Copeman finding an increase of 500,000 cells 
aft;er 5 days, and 600,000 after 6 days. Most confirmed cases, how- 
ever, suffer from a moderate or marked grade of chronic anemia, 
sometimes associated with enlargement of the spleen. 
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MISCELLANEOUS CONSTITUTIONAL DISEASES. 



DIABETES MELLITUS. 

The results of older observers led to Ponflicting opinions r^ardinp 
the condition of the blood in diabetes, Hince it ap|)eared that in caeca 
of about equal severity the Hb, red cells, and albumens, might in one 
patient be increased and in another diminished, or might vary consider- 
ably at different times in the same patient, not infrequently rising 
above normal. 

The studies of Henocque were among the first showing that while 
individual differences may be considerable, yet in a series of cases the 
Hb does not vary greatly from the normal. Leichtenstern, findiug an 
excess of Hb in an advanced case and a diminution in an early case, 
was led to refer the anomaly to the effects of diuresis in concentrsting 
the blood. Although the extent of the diuresis depends largely upoo 
the amount of sugar secreted, a very close relation between the Hu of 
the blood and the sugar of the urine has not apparently been estab- 
lished. Yet the above logical explanation has been generally accepted, 
and the marked changes observed in the blood of many diabetics may 
be referred to the uncertain balance between the amount of water ab- 
sorbed and that excreted in the urine. 

In the late stages of the disease other factors enter to further dis- 
turb the condition of the blood. General failure of nutrition belongs 
to the advanced disease and the blood must suffer proportionately. 
Yet even in extreme cases the ancemia is commonly masked by the 
concentration of the blood through diuresis, and it becomes necessary 
to class the blood of advanced diabetes, with excess of Hb and cells, 
as among the examples of oligemia or oligoplasmia. 

From these considerations it is evident that the estimation of Hb 
and the counting of red cells is of little use in diabetes unless veiy 
carefully controlled by reference to the diet and urinary excretion. 
Thus, the writer found in an emaciated anemic case with advanced 
phthisis, 78 percent of Hb and 4,100,000 red cells. In most 
ported cases in which the daily urine measured over three liters 
red cells approached the normal figure. 

In Grawitj;'s case of coma the red cells rose from 4,9 millions, tllTCe' 
weeks previously, to 6.4 millions ^ hours atV-r the onset of the coma, 
and the dry residue of the blood from 21.4 percent to 24.75 percent. 
Poestbly the result was in part referable to cyanosis. Haborshun 
ports 3 cases of coma with excess of red cells (maximum 6.64 millii 
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They all suffered from dyspnea^ but in one the cells were lower than 
they were a week before death. In a cyanotic comatose case examined 
by the writer there were 6.8 million red cells. 

The general character of the blood in diabetes is well illustrated in 
the cases reported by James, as follows : 



No. 


B«d Cells. 


Hb. 


Specific GniTity. 
Roy's Method. 


1 


6.73 


66 


1.056 


2 


6.10 


61 


1.059 


3 


4.80 


58 




4 


5.25 


60 




5 


5.60 


65 




6 


3.55 


52 


1.054 


7 




52 


1.060 


8 


5.30 


75 


1.056 


9 


6.28 


108 


1.055 


10 


5.38 


96 


1.055 


11 


5.64 


112 


1.056 


12 


6.20 


112 


1.057 


13 


4.46 


55 


1.054 


14 


6.00 


96 





James concluded from these results that the excess of red cells in 
diabetes can not result from concentration of the blood, otherwise the 
specific gravity would have been higher. Yet, considering the per- 
centage of the Hb, the gravity in the above cases is distinctly above the 
usual figure, indicating relative anhydremia with marked reduction of 
Hb, but with slight loss of red cells. 

The leacocytes, in the average hospital case if uncomplicated, are 
normal, subnormal, or moderately increased. In 7 of 20 untreated 
cases Habershon found less than 10,000 leucocytes, in the others a leu- 
cocytosis reaching a maximum of 19,800, and being rather uniformly 
present in the severer cases. With the advent of severe symptoms he 
found the leucocytes to increase, and in three cases of coma there was 
pronounced leucocytosis (maximum 28,500). Cabot found no leucocy- 
tosis in 13 cases, and only 4,200 in a comatose patient. The writer 
observed leucocytosis in four patients, one comatose, but autopsies re- 
vealed phthisis, suppuration, or pneumonia. 

Faty occurring in traces in normal blood, is usually increased in dia- 
betes and may become extremely abundant. Usually microscopical ex- 
amination is required to demonstrate the minute extra-cellular glob- 
ules in specimens stained by osmic acid, but often the fat rises to the 
surface in demonstrable quantity if the specimen is centrifuged in the 
hematokrit, and occasionally the blood is milky from the abundance of 
fat. Its origin in the blood is not understood, but v. Noorden says that 
it is not connected with a previous ingestion of fat, as is the case with 
some other forms of lipemia. 

Chemistry. — The chief chemical alteration demonstrated in the blood 
is a pronounced increase in sugar. While normal blood contains 
.05-. 15 percent of sugar, Pavy and Seegen have found as much as .6 
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percent io severe diabetes, and Freriche found the sugar of the blooW^ 
vary between .3S-.44 percent, while that of the urine amounted to 
5.5-S.4 percent. Nuunyu obtained .7 percent in the blood of s fatal 
caae in which the urine contained 4 percent. In Klcraperer's "renal 
diubetes," the sugar of the blood remains normal.^ 

Henriques and Kolisb have lately claimed that an excess of pre- 
formed sugar exists in the blood otdif in alimentart/ gtycotniria, while in 
diabetes the preformed sugar of the blood is but slightly above normal. 
They find, however, that in diabetes the blood contains a marked 
excess of jecorhi in combination with albumens which, during excre- 
tion, is split up into sugar and lecithin. 

Lepine and Barral believe that diabetes result.'! from tbej'aiture of a 
ffltfcoli/tio ferment elaborated by the pancreas and normally present io the 
hlood, but this theory has not been demonstrated. (See Glycolytic 
Ferment.) 

Olvcogex in the blood of diabot«s has been demonstrated in 
marked cases by Gabritscbewsky, who found it both in plasma and 
leucocytes, but the signiiicance of the brownish extra-cellular graooles 
has been brought into question. Livierato could find but little glyco- 
gen in the plasma and none in the leucocytes, Futterer claims to bave 
demonstrated in the brain and medulla many thrombi compoeed of 
glycogen. Of 5 cases of diabetes the writer found in each a few l«n- 
cocytes with many glycogen granules, while in the plasma were brown- 
ish staining gmnules of which the significance seemed uncertain. 
The glycc^n- holding leucocytes were less abundant than in cases of 
pneumonia. 

AXKALINITY. — The alkalinity of the blood in normal subjects varies 
between 300 and 400 mg. of NaOH per 100 grms. of blood, and is 
always diminished in patients who are much reduced in strength. In 
diabetes when the patients are suGTering little general disturbance, tb« 
alkalinity of the blood has been found to be very slightly reduced. 
(Minkowsky, Kraus, Lepine.) When diabetes reaches the stage of 
excretion of oxybutyrio acid in the urine, the alkalinity of the blood 
has been found to be lower than in any otlier known condition, falling 
as low as 40 mg, of \aOH per 100 of blood. (Van Noorden.) In 
diabetic coma, Minkowsky found as low as S.3 vol. of CO, per hoo- 
dred of blood. 

This relative acidemia has been referred to the presence in the blood 
of various acid products of proteid metabolism, ,9-oxybutyric,and other 
fatty acids. These acid products are supposed to act either as direct 
poisons, or indirectly, by lowering the alkalinity of the blood. Tbe 
basis of this theory is found partly in the demonstration of diminished 
alkalinity in the blood, but largely in the abundance of these acids 4r 
their salts in the urine. 

OBESITY. 

The majority of healthy obese subjects show an excess of Hb, | 
clearly indicated by the extensive observations of Kisch, who fom 
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notable excess, and maximum of 120 percent, of Hb, in 79 of 100 fat 
Bubjecta, while in 21 it was diminished, reaching ;)5 and 60 percent in 
some iustances. The existence nf distinct anemia in some apparently 
healthy fat subjects had long be<?n accepted, but the opinion was ren- 
dered much more certain by Leichtenstern'M observation of four such 
cases, showing considerable reduction of Hb. Oertel also found an 
excess of 5—8 percent of Hb, and Grawitz reported an increase of the 
dry residue of the blood in very fat subjects. It appears, therefore, 
that there is a distinct tendency toward true plethora associated with 
obesity, while the anemia occasionally observed, as in the majority of 
Kisch's anemic cases, is referable to other causes. 

Grawitz, in two cafles, observed a considerable reduction in dry resi- 
due both of the whole blood and of the serum, as a result of a coarse 
of treatment which reduced the body weight 10—12 lbs. 

That the plethora of obesity is sometimes more apparent than real 
is suggested by the constant perspiration, frequent dyspnea, and ten- 
dency toward venous congestion, fi-oiii which these subjects buffer, 

ADDISON'S DISEASE. 

Established cases of this disease are usually attended with a severe 
grade of anemia. In four cases rejKtrted by TscbirkofF the red cells be- 
fore treatment numbered from 2,733,000 to 3,280,000. In three of 
Cabot's cases, and ia three examined by the writer, the same grade of 
oligocythemia was observed, while Neumann reported more severe 
anemia with 1.12 million red cells in one case. Morphological changes 
in the red cells are not marked, but microcytes are sometimes quite 
abundant. 

Leucocytes are commonly diminished, sometimes slightly increased, 
and are subject to the usual variations of secondary anemia. Eosino- 
phile cells were present in high normal pmportions in Cabot's and ia 
the writer's eases. 

Opposed t<> the typical cases are others reported in which the red 
cells were in excess of 5 millions, reaching, in Neumann's observation, 
the remarkable figures of 7.7 millions, while TschirkofT found that the 
Hb in early cases might exceed the normal. It appears likely that 
disturlrances in tlie circulation may be responsible for some of these 
anomalous results, but the subject requires further observation. 

The deposits of pigment in Addison's disease have been referred by 
Riehl and Afanissiew to the results of minute thrombi and hemorrhages 
in the superficial vessels, and Afanissiew observed the disintegration 
of red ceils in local pigmented areas, v. Kablden, however, showed 
these lesions to be inconstant and probably of secondary significance. 

An interesting contribution t-o the pathology of Addison's disease, bearing 
on tliis point, haa been flimiahed by TschirkofT, who examined the blood of 
two cases with sjict^iiil reference to the pigments, by meauB of Glan's spec- 
trophotometric method, by which he was able to cellmate the relative 
amounlsof oxy- and reduced Hb. By this method be found Id advanced 
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cases a much greater proportion of reduced Hb than is present in noi 
blood, and al times more reduced Hb than oxy-Ub. Duriug improvement be 
found an increase in the proportion of oxy-Hb at ihe expense of Che reduced 
Hb, but without corresponding increase in the total Hb of the blood. 
He found evidence pointing to the presence of mctbemoglobin in the blood, 
but could not observe any quantitative relation between these changes in tb« 
Hb of the blood and the pigmentation of the skin. He concluded that Addi- 
son's disease is associated with a qualitative rather than quantitative cha&gs 
in the hemoglobin of the blood, with a corresponding failure to fUmish 
gen to the tiasues. His reeulte have not yet been verified. 
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From the comparatively few recorded observations it is evident that 
acute gout has little effect upon the red cells and Hb of the blood, in 
which respect it differs from acute rheumatism. In chronic gout, also, 
Duckworth found cases with inappreciable anemia and couciuded tbat 
when the disease is associated with anemia, the condition of the blood 
is referable principally to complications such as hemorrhage, nephritis, 
lead poisoning, bad hygiene, etc. The writer found uniform but mod- 
erate anemia in a series of chronic cases examined at Roosevelt Hos- 
pital, the patients all coming from the poorer classes. 

The IflucocTtes are probably increased in acute attacks, but there are 
apparently no direct observations on this point. In the chronic cases 
leucocytosis of moderate grade may be observed, but it is difficult to 
determine it^ relation to the gouty process, as many of these patieota 
suffer from other complaints. Neusser ' mentions the usual presence 
of mixed leucocytosis in a series of 100 cases of the uric acid diathesis. 

OliemiBtry. — The chemistry of the blood in gout lias for many years 
been the subject of extensive investigation and while tlie presence of 
abnormal principles has been demouslratcd, an important relation of 
these principles to the pathogenesis of the disease has not been estab- 
lished. 

Garrod 6rBt demonstrated an excess of uric acid in the shed blood, 
finding .025—175 grains of uric acid for 1,000 grains of serum, in five 
caseaduringandshortly afler the attack, and this uricacidemia has been 
noted by Salomon,' v. Jaksch, and Xlemperer.' Recently Magous- 
Levy ' failed to find, in several cases, any constant variations in the 
amount of uric acid which might be regarded as an increase. 

Grarrod perfected a ready clinical method for the demon strati ott of 
nric acid in the blood or serum of gouty patients, commonly known as 
the " thread test." 

One to two drams of aerum fVom fresh blood drawn from a vein are 
placed in a broad, flat dish, about 3 inches in diameter and ^ inch deep, and 
to it are added 6 minims 33-percent acetic acid to each dram of serum. A 
couple of old but clean linen threads are submerged in the fluid and the vea- 
sot is allowed to [mrtially evaporate at room temperature for 36-60 houra, 
when the threads will be found to have gathered minute crystals of uric acid. 
If any considerable trace is present in the blood. Tlicy may be washsd * 
water and freed from any adherent pbosphate and identified under tbo Q 
oroacope. Oarrod found that crystals begin to deposit on the thread « 
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the serum contaiaa .025 gr. of urio acid per 1,000, and become very numerous 
with .OS gr. per 1,000. The test must be carefully performed and may &il, 
especially from too rapid or prolonged evaporation or from heating above 
75° F. Serum obtained from a bliater may be used, but not when obtained 
f^om the neighborhood of an inflamed joint. 

Excess of uric acid in the blood is not, liowever, pathognomonic of 1 
gout, being absent in some undoubted cases (Duckworth), and being 
abundantly present in many other conditions, such as pneumonia (Sal- 
omon),' and other conditions with leucocytosis, emphysema, nephriUs, 
severe anemia (v. Jaksch '), leukemia (Magnus- Levy),' and after a 
diet rich in nucleo-proteids (Weintraud). 

AlkalinU.y. — The assumption by Garrod that an excess oF uric a<ad ' 
in the blood is associated with dirainished alkalinity has not been sup- ' 
ported by lat« observations. Klemperer,^ estimating the alkalinity by 
the content of the blood in CXJ^, found no distinct variations from the 
normal in three cases during the attack. Luff, using Wright's method, 
also failed to find any loss of alkalinity during the course of an acute 
attack, and Magnus-Levy, using Lowy'a method, failed to find any con- 
stant variations in s series of 16 cases examined at various periods, . 

From the recent studies of the chemistry of the blood in gout, it is 
evident that Garrod's theory of the nature of the disease must be , 
abandoned. 

OSTEOMALACIA. 

The usual condition of the blood in osteomalacia appears to be that 
of moderate chlorotic anemia. Such cases are reported by Eisenhart, 
Tschisto witch, and others, while Seligman, in an advanced case, found 
4 1 percent of Hb. 

The red eelh are usually normal or very slightly reduced. Shortly 
afler abortion Tschisto witch's case sliowed 3.1 million cells, but the 
numbers increased rapidly, later to oscillate between 3.4 and 6.8 mil- 
lions. One of Rieder's cases had 3.8 million cells, another 4.9 millions. 

The leucocytes have varied from subnormal to moderately increased 
numbers. The lymphocytes are usually very numerous, an excessive 
proportion (maximum ijG percent) having been found by Tschisto witch, 
while Ritchie observed moderate lymphocytosis. Myelocytes have 
iMien found by Neusser and by Tschisto witch. 

Neusscr ' proposed to divide cases of osteomalacia into two groups, 
one showing myelocytes in the blood, the other showing high propor- 
tions of eosinophile cells, of which he had seen examples. High 
normal proportions of eosins have been found by several observers, but 
not by others, viz., Fehling, Sternbei^, and Chrobak, who were prob- 
ably looking for a distinctly abnormal number. In Tachistowitch'a 
case their numbers varied greatly during the year over which his ob- 
servations extended. 

Otemulri/. — The alkalinity usually varies between normal limits 
(Limbeck) but has been found both increased and diminished. Laotia 
acid has never been fully demonstrated in the blood. Peters claimed 
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to have found in the blood a nitrifjnng micro-oi^ani&m, culturet i 
whiob produced in dogs a condition rcsembliDg osteomalacia. Thfal 
olaim has not been established. 



RACHITIS. 

The state of the blood in rachitis varies with the ezt«nt and Bevei 
ity of the primary disease and is markedly afiected by complications. 
Nearly all series of caaefl reported ooutaio some examples of pro- 
nouDced rachitis in which the red cells were nearly normal and the Hb 
very moderately reduced, and some observers, as Felsenthal and 
Morse, did not meet with severe anemia in any case. Nor does it ap- 
pear that the anemia bears a very close relation to the extent of t 
disease, although as a general rule the advanced cases with enlarge>l 
ment of the spleen show greater anemia than do those without involvi 
ment of the viscera. (Monti, Rerggrun.) It is agreed on all sidi 
that the disease is not associated witli any peculiar type of auemia, a 
though the hyperemia of the bone marrow might be expected to yield! 
an unusually large number of nucleated red cells. Yet these cells a 
apparently not more abundant lu rickets than in congenital syphiltll 
(Monti), while Gundobin found the same grade and type of anemia iaX 
rachitic as in other poorly developed infants. Rachitis figures a' 
equally with syphilis, etc., in the etiology of v. Jaksch's anemia. 

The ezisteDce of rachitis in patients with normal blood raises a questiMlfl 
as to the cause of the aaomia usually found in the disease, and the condBr| 
rioo seems Justified that the anemia of rlclcets is largely referable to the g 
aral malnutrition of the patient and to a variety of complications, especii 
gastroenteritis. Moreover the pathological nature of the disease renders II 
extremely impi'obabie that the leaioD in itself has very marked effect upi 
the blood. So for as our present knowledge goes, the anemia of ricketa ll 
practically that of marasmus and goatroentcritis. 

SimpU chlorotie, anemia is the usual condition of the blood of rachiti«| 
children. No other forms were encountered among the cases < 
Felsenthal and Morse, moat of which were described as of moden 
grade; and a few examples of the same type have been described bffM 
others. Although the red cells may l>e above 5 millions, the Hb k 
invariably retluced, the color-index frequently falling as low as iM 
primary chlorosis. Morse found an average Hb-index of .7, 
Felsenthal obtained only 50 j>ercent of Hb in one case with over | 
million cells. The usual morphological changes in the red cells are t 
be observed, and a few nucleated red cells are nearly always to be foui 
in the young subjects. The letutyyt^-a in cases vnth mild anemia i 
usually found at the higher normal limits or distinctly incre 
Bicket« does not apjicar among Monti's cases of simple anemia witl 
out leucocytosis. 

Grave atcondary anemia is observed in many cases of rachitia I 
which there are almost always some serious complications. Altb 
the progreas of rachitic anemia is eometimee moderately rapid, tlM < 
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of the destruction of red cells is uot always flpjiarent. v. Jaksch saw 
the red cells fall from 1.6 millions to 750,000 within three months, 
while Luzet saw a reduction of 500,000 cells in three weeks. Usually 
the loss of cells occurs more slowly, and in the grave forms of anemia 
the impoverishment of the blood is usually attended with enlargement 
of the spleen, and often of the liver. 

The changes in the red cells are then similar to those of other forms 
of severe secondary anemia of chronic course, but poikilocytes and nu- 
cleated red cells are unusually numerous. The Hb-index varies. In 
a few instances, especially those of more rapid course, the Hb is defi- 
cient, but usually the Hb-index rises and may become abnormally 
high. Thus, Monti and Berggrun found 50-55 percent Hb with 2.35 
million cells. In all cases of this type there is leucocytosis. 

Progrensive pemicimts anemia appears to be a relatively infrequent 
complication of rickets. In 1 1 cases of pernicious anemia in young 
children or infants, collected by Monti and Berggrun, rickets existed 
or was mentioned in only two, and one of these was complicated by 
congenital syphilis. The writer has had a similar experience, never 
having found the well-marked characters of progressive pernicious 
anemia in a rickety child. 

Leacocytes. — It has already been shown that in many mild cases of 
rickets the leucocytes do not exceed the normal limits for young in- 
fants. The slight excess over 10,000 seen in most of the mild cases 
reported is not, as Cabot points out, abnormal for infants. Felsenthal 
found 30,000 white, with 4 million red cells, in one mild case in which 
no complication was noted. 

In the severer cases leucocytosis is nearly constant, but does not 
usually exceed 30,000. Yet Luzet believes that there are all grades of 
the leucocytosis of rickets up to that of leukemia, where it is certainly 
difBcult at times to distinguish the leucocytosis of a rachitic anemia from 
that of V. Jaksch's anemia. The lymphocytes are usually quite numer- 
ous, but not often excessive for the age. Morse found an average of 
43 percent of lymphocytes in twenty rachitic children under two years 
of age. Distinct lymphocytosis was observed by Rieder, Weiss, Monti 
and Berggrun, and Morse, and, wbile probably uot uncommon io 
young subjects, is without s)>ecial significance. 

Eosinophile crils are often relatively numerous. Morse found an 
average of 3 percent. They may be distinctly increased, as Hock and 
Schlesinger found 20 percent in one subject and Weiss, 16 percent in 
another, or they may l)e scanty. {Ilieder, Cabot.) 

The conditions leading to excess of leucocytes in rickets are not well 
understood. Limbeck refers the excess principally to the co-existent 
gaetro-enteritis which is often present. Whilst most cases with leu- 
cocytosis show hyperplastic splenitis, these two conditions are most 
probably separate effects of a common cause. Not all cases with en- 
larged spleen show leucocytosis, which is commonly absent in pro- 
nounced cases of " splenic anemia " in infants. Luzet, however, con- 
nects the excess of leucocytes with the hyperplasia of the spleen. 



330 MISCELLANEOUS COmTITUTIOyAL DISEASES. 

It seems not improbable that the htfperemia of the marrow may 
to dischar^ an unusual number of white cells into the circulation, a 
possibility which is favored also by the lai^ number of nucleated red 
cells commonly seen, by the frequent presence of a few leucocj-tes with 
mitotic nuclei (Hock, Schlesinger), and by the nearly constant occur- 
rence of myelocytes. 

Cliemlstrj. — The specific gravity of the blood was reduced in pro- 
portion to the lo9a of Kb in the coaes of Hock and Schlesiogcr, Even 
in paticnta who appeared otherwise in good health the specific gravity 
of the blood was distinctly reduced in 1'2 coses examined by Feleentkal 
and Iternhard. 
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The anemia of myxedema, in the majority of pronounced and 
treated cases, is of the secondary chlorotic type, with slight leucocy^ 
tosis, and of moilerate grade, Bramwell observed well marked anemia 
in 26 of 33 cases. Of 23 cases collected by Murray the blood was 
normal in 7, while in the cases of Cabot and in those of Kraopelin there 
was no anemia. The most severe anemia recorded was that of L<e 
Breton's case, in a child of three years, with 1.7 million cells, 65 per- 
cent of Hb, and 4,500 leucocytes. Many other cases have ehown s 
reduction of the red cells to about 3 millions (Bramwell, Putnam, and 
2 cases of the writer's). Kraepelin noted by careful measurements a 
diMtncl increase in the diamdirit a/ tJie ri^ cflh in 4 cases, and claimed 
this feature to be one of the typical symptoms of myxe<iema. The 
eheniitsal examinations of the blood of these patients supjwrted tbts 
conclusion, by showing excess of solids. Le Breton also noted a sim- 
ilar condition in the blood of his case but the patient was very anemic 
(1.7 million cells). Cabot failed to find any such changes in the red cells 
of three cases. When present it is probably referable to the increased 
venosity of the blood which, according to Horsley, is commonly pres- 
ent in myxedema. The Hb is usually moderately reduced, but less 
than in most other forms of secondary anemia. In IjC Breton's case 
the Hb-index was abnormally high (1.8), but since lar^ nucleated red 
cells were present the condition of tlie blood seems to accord with that 
of pernicious anemia. 

In two of Kraepelin's cases, while the Hb by Fleischl's method was 
not excessive (5.4, 5.6 million cells, 93—98 percent Hb), by tlie 
spectrophoto metric method an abnormal quantity of blood pigment was 
demonstrated. The spedGe gravity was also abnormally high. In 
several other cases, even when the red cells were onnsidcrably deficient, 
the Hb-index was normal or increased. (Bramwell.) Putnam re- 
ports a few myelocytes in one case in which the blood was otherwise 
nearly normal. 

Thyroid irrtiiment has usually been followed by marked improvement 
in the blood. In 6 weeks Kraepelin's case gained 7<X1,(M)0 red cells, 
and nucleated red cells and leucocytes disappeared. Putnam observed 
polythemia (5.7 millioDs) after II months' treatment. Merke*! anemia 
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followed the administration of over-doses of thyroid extract in one of 
Bramwell's cases, but on smaller doses the patient did well. The 
course of the blood changes in this case was as follows : 

R«d oelli. Hb. 

October 28 (before treatment) 3.8 millions. 65 percent. 

November 28 (after acate thyroidism) 2.6 '' 54 '' 

December 21 (smaller doses) 3.8 '< 68 " 

January 13 4.3 " 70 " 

Leucocytes are usually not increased, but in 6 of Murray's 23 cases 
there was leucocytosis. In uncomplicated cases without severe anemia 
it appears to be nearly always absent. The proportions of the various 
leucocytes are not altered. Cabot found 5 and 4.4 percent of eosins in 
two cases, but Schmidt found only 1.5 percent of these cells. Putnam 
reports a few myelocytes in one case in which the blood was otherwise 
nearly normal. 

Chemistry, — ^Very numerous and elaborate studies of the chemistry 
of the blood in myxedema, and especially in thyroidism, have failed 
as yet to demonstrate the exact nature of this peculiar toxemia. Halli- 
burton in 1885 demonstrated mucin in the blood of thyroidectomized 
dogs, an observation which has been fully confirmed, and Levine has 
recently produced peculiar chronic toxemia by injection of mucin in 
animals after partial thyroidectomy, although similar injections in 
healthy animals were innocuous. Yet in the human subject an excess 
of mucin in the blood has not been demonstrated. 

The chemical analysis of Kraepelin's cases, by Schneider, showed the 
exaggerated effects of chronic venosity of the blood, a condition first 
noted clinically in myxedema by Horsley. Here there was considerable 
increase in specific gravity of the blood (1.0626-1.0636) and of the 
serum (1.0317-1.0329), while the dry residue of whole blood, serums 
and red cells was also increased. 
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CHAPTER XIX. 

NERVOUS AND MENTAL DISEASES. 

MANIA, QENERAL PARESIS, MELANCHOLIA, DEMENTIA, 

EPILEPSY. 

The blood of inmates of insane asylums has been the subject of 
much careful study. 

In 1873 Sutherland examined the blood of 149 insane patients, 
finding in 4 of them grave secondary anemia with leucocytosis. Ex- 
cess of leucocytes occurred in many other milder or earlier cases. 

McPhail contributed the first scheme of the blood changes in gen-- 
ercd paresis finding from a study of fifteen cases that : 

1. The Hb was moderately low on admission (62.70 percent), im- 
proved for a time, owing to the better hygienic conditions prevailing 
in the institutions, but fell (52.66 percent) in the terminal stages of the 
disease. (2) The red cells diminished steadily with the progress of the 
disease, reaching in one case 3.4 millions. (3) Leucocytosis (minimum 
12,700) was noted in all cases, progressed with the disease and reached 
a well-marked grade in the terminal stages, 27,700 to 36,600. 

Lewis, Steele, Seppili, and others obtained results very similar to 
the above and added many new details. Smyth examined the blood 
in cases of melancholia, epilepsy, general paresis, and secondary de- 
mentia. He found the red cells as a rule below the normal, while the 
Hb was reduced in much greater degree. The average results ob- 
tained were as follows : 



Melancholia 

Epilepsy 

General paresis 

Secondary dementia 



CMflt. 


Bhit. 


Bedodla. 


S.G. 


10 

60 
40 
12 


69.7 
62.8 
68.7 
53.7 


4.684 mil. 
4.620 ** 
4.700 " 
4.070 " 


1.0572 
1.0568 
1.0605 
1.0612 



During 
ConyaUiom. 



1.0596 



The more marked anemia, with high specific gravity, of seoondaiy 
dementia, and the increase of specific gravity after epileptic convulsions, 
which was not invariable, are specially worthy of note. 

Winckler also found a distinct loss of Hb, especially in the depressed 
forms of insanity. Paroxysms of mania or of melancholia caused a 
loss of both cells and Hb, which was restored after the recovery from 
the attack. Terminal dementia was associated with a progressive 
anemia. Capps examined 12 cases of general paresis in which the red 
cells never fell below foor while never reaching five millions (average 



334 



NERVOUS AND MENTAL DISEASES. 



4.789 millions). TlieHb varied between 73.92 percent (average 86 per- 1 
cent), and the specific gravity between 1.058— 1.0ti6. ConvuUions ap- 
peared U> Gonceatrate the blood. Jelliffe, working at the Binghampton 
State Hospital, altitude 400 meters, found moderate polycythemia in 
14 of 1 7 cases, but the Hb was usually reduced, in one case to 62 per- 
cent. The specific gravity ranged from 1.047 to l.OtJO, Langdoaimd 
Bamford, at the Hudson River State Hospital, obtained iu a reasonably 
short time 20 very anemic cases of melaucholia, with red cells between 
2-3 millions, Hb between 60-S,'> jwrcent. Treatment by bone mar- 
row rapidly improved the condition of the blood. Severe anemia, red 
cells 2.5 millions, Hb 25 [M?rcent, is also reported by Howard in a case of . 
terminal dementia, while in Steele's 35 cases of melancholiu the avei^-J 
age of red cells was 3 millions, of Hb, 7r» percent. 

Thk Lkuoocytes. — In early cases there is usually no leucocj'tosi^l 
and the uniform tendency to leucocytosis observed by McPhail has noi^ 
been found by all subsequent observers. Smyth reported an excet 
many cases but without relation to the symptoms of the disease. 

Most of Capps' patients had leuoocytosis, as did also the very ani 
subjects examined by Langdou and Bamford, while in the tables c 
Jellide and Somers, leucocytosis was absent in the majority of cai 
Leucocytosis is more frequent when there is anemia, in the last stages * 
of the disease, and it has been found rather more frequent in the more 
acute forms of insanity and in terminal dementia. Somers found an 
average of 8,315 leucocytes in 19 cases of mania, 7,947 in 19 c 
of melancholia, 10,473 in 19 cases of dementia, and 8,800 in 5 t 
of general paresis. In 16 cases of epilepsy Kohlmann obtained ■ 
tinct leucocytosis in only one (14,000). Peaae followed the leucc 
tosis long enough to show that it is often transitory. 

The proportions of the various fm-im of Inicorytes show no oonatai 
or significsDt variations. When the total numbers are increased t) 
polynuclear forma are usually most affected, Lj/mphoci/ttmis is fre-" 
queully observed, especially iu epilepsy. The eosins show irregular 
variations, being absent in some cases, reaching high normal figures in 
others, while lioncorini found a marked excess, up to 25 percent, i 
maniacal cases. Krypiakiewicz also found an increase of eosina in t' 
more acute forms of insanity, and comparatively low proportions in t 
chronic forms. Capps could not find that the restleesneas of the ] 
tient was always connected with any increase in eosins. 

To rcctipUtiJiUe the results of the above studies, it has been show 
that the common forms of insanity may develop in an anemic Bubjet 
or in one whose blood is normal. The disease may run its coara 
without anemia, but usually the state of the blood accords with 1 
general state of nutrition. In some cases, especially of melancholia 
the blood suffers more than the general nutrition. 

Lcucocyt'isis is frequently observed, especially in anemic subjeots, ) 
late stages, and ai^er convulsions. Convulsions may concentrate t' 
blood and induce leucocytosis. Acute mania is not associated i 
any specific changes in the morphology of the blood. 
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BERI-BERI. 

This form of infectious neuritis is often associated with severe or 
even pernicious anemia (Spencer)^ but in the cases which reach America 
the anemia is usually moderate and of the chlorotic type. In three 
recently imported cases of the disease^ each with moderate fever (100- 
101.5^ F.); the red cells ranged between 3 and 3^ millions^ and were 
very deficient in Hb, while showing no other changes, except for the 
presence of microcytes. Leucocytosis was absent and the eosins were 
not increased. Cabot records an afebrile case with 3.9 million red 
cells, 48 percent Hb, and 7,800 leucocytes. 

Daubler found normal numbers of red and white cells, but increase 
of fat, in the blood of three cases. 

Numerous attempts to demonstrate the infectious agent in beri-beri 
are thus far negative. Various bacteria have been demonstrated in 
the blood post-mortem. The latest contribution is that of Fajarda 
who believes that he has seen in the red cells of 59 cases a protozoon 
resembling the parasite of Texas fever but smaller and more difficult 
to stain. 

CHOREA. 

The coincidence of St. Vitus dance and chlorosis was such a fre- 
quent clinical picture that the older writers regarded the anemia as 
one of the essential causes of such nervous manifestations. Although 
this view has been proven untenable it remains true that anemia and 
chorea have many common antecedents, that the blood in chorea 
usually shows a slight impoverishment, and that anemia is a very fre- 
quent predisposing cause of chorea. 

Burr found moderate chlorotic anemia in all of 36 cases, but any 
severe grade was always referable to complications. Leroux found 6 
million cells in 2 cases, between 3.4 and 4.8 millions in 5, and 2.2 mil- 
lions red, 89,000 white in an infant in which the disease was compli- 
cated by furunculosis. Zappert^s four cases showed moderate reduction 
in red cells, 3.9-4.5 millions. Litten has recorded two fatal cases 
arising in the course of pernicious anemia. Cabot refers to 12 cases 
showing no abnormality except eosinophilia. 

The leucocytes in uncomplicated cases, have been found normal in 
numbers but often with excess of eosins. Zappert counted 630-1360 
(8-19 percent) of eosins in 4 cases. 

The baderiolofficcU examination of the blood during life has thus far 
been negative, although Leredde obtained the Staphylococcus albvs from 
the blood of one case complicated by endocarditis. The blood of the 
cadaver has been found to contain various micro-organisms, Triboolet 
having 3 positive results in 15 cases. 

Functional nervoas diseases, such as hysteria, neurasthenia^ 
hypochondriasis, and tetany, do not give rise to anemia, but numer- 
ous associated conditions may lead to impoverishment of the blood. 
Cabot and Reinert report mild grades of chlorotic anemia in hysteria 
and neurasthenia. In neuritis Cabot reports chlorotic anemia with 
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marked leucocytosis (16,000-28,000) in a febrile case in & young si 
ject, while iu 4 nf 6 cases of afebrile alcoholic oeuritie the leuoooyl 
were slightly increased, 

GRAVES' DISEASE. 

Anemia does not appear to be essentially connected with exophthal- 
mic goitre, as some cases show nearly normal cells and Hb. (Oppen- 
heimer.) Bramwell reports anemia, grade not stated, in only 2? of 64 
cases. Yet many patients suffer from a form of anemia closely re> 
gembling chlorosis, which ia Bometimcs quite severe. Thus Zappert 
records two cases with 2.8 and 2.7 million cells, and 32-30 percent of 
HI). The writer has examined the blood in seTeral such cases, in one 
of which the majority of red cells were distinctly undersized. 

The terra " thi/roiil chlorosis " ia applied by Capitan to cases of chlo- 
rosis associated with enlargement of the thyroid. Referring to Ilayem's 
report of 29 goitres among 3-^ chlorotic patients, Capitan finds reason 
to believe that one type of chlorosis is referable tu thyroid intoxication. 
Some years ago the writer was struck by the peculiar clinical type of 
chlorotic anemia observed in two elderly women suffering frpm Graves' 
disease, but has not since encountered such cases. 

The leucocytes, in the absence of complications, are normal or d 
minished. Neusser and Cabot have noted relative lymphocytosis. 
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PART V. 
GENERAL DISEASES OF VISCERA. 

CHAPTER XX. 

THE HEMOPOIETIC SYSTEM. 

THE LIVEB. 

Relation of Its Functions to the Blood. — ^Although the chief funo- 
tions of the liver in the secretion of bile and the elaboration of ab- 
sorbed food products are directly concerned with the maintenance of 
the blood albumens, specific effects of inhibition of these functions have 
not yet been traced in the blood. These effects are doubtless seen 
in the anemia of advanced cirrhosis but are even then not to be dis- 
tinguished from similar changes in other secondary anemias. 

The function of transforming into bilirubin and removing from the 
system the pigment of disintegrated red cells is being constantly ex- 
erted in health and disease. When from any cause the excretion of 
this product is obstructed, as in acute yellow atrophy, or the demands 
upon the function are excessive, as in pernicious malaria, either hemo- 
globin, or its derivative bilirubin, accumulate in the blood giving hem- 
oglobinemia or jaundice. In the former case the content of the liver 
in hematoidin and hemisiderin is an accurate index of the grade of 
blood destruction. There is as yet no proof that the liver plays more 
than a passive part in the destruction of blood. 

The embryonal function of the liver as a depot of forming red cells 
is not infrequently retained till afler birth, and there is reason to be- 
lieve that the renewal of this function may sometimes give peculiar 
character to the anemia of infants described by v. Jaksch. 

Effects of Bile upon the Blood. — A globulicidal action of bile 
was first demonstrated experimentally by Hunefeld (1840), while the 
fact that the biliary acids are the active agents in dissolving red cells 
in jaundice was shown by v. Dusch (1854^, and fully established by 
many later studies, v. Dusch not only demonstrated the power of 
bile to dissolve red cells, but claimed that it may also dissolve leuco- 
cytes and even liver cells, a property noted also by Rywosoh. The 
relative globulicidal power of the various salts of biliary adds was 
fully tested by Rywosch, who found that sodium chenocholate and 
taurocholate dissolve red cells when in a concentration of 1-700, or 
1-600, that Na-cholate is only moderately active at 1-200, while Na- 
22 
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glycocholate destroys red cells only when in a solution c 
the process of solution the red C4?lls first lose their central depressioi 
become variously deformed and finally dissolved, leaving no detritus. 
These changes have been observed only in the test-tube, but ir 
blood of moat cases of jaundice the process appears to differ from 
of other forms of hematocytolysis. 

The resistance of the red cells was found by Limbeck, in all ca» 
jaundice, to be distinctly increased, the oelle not diesolving in solutionfli 
of more than ,32 percent NaCl (normal .46 percent). This change he 
referred to the destruction of less resistant cells and a chemical union 
of Hb and stroma brought about by the action of bile salts. 

An increase in specific gravity of the blood was observed by 
Grawtts, following the injection of bile in animals, and referred by him 
to transudations excited by some specific action on the [>art of th« 
bile. Limbeck also found a relative decrease in volume of the serum 
in obstructive jaundice, as well as a lower percentage of chlorides. At 
the same time the volume of the red cells was increased. 

Coagulatiou is hastened, according to Rywosch, by the preseooe of 
one part of Na-chenocholate or taurocholate in 500 of blood, but 
entirely inhibited when the proportion reaches 1—250. 

The presence of bile pigments has no deleterious action on th« 
blood, although Rywosch found that injections of pure bilirubin, while 
not affecting the blood, produce mild general toxic symptoms. 
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Diseases of the IJver. 



Jaundice. — In the human sulyect clinical observations have sho' 
that small traces of bile are demonstrable by the greeni.sh-yello' 
color of the serum of very mild cases in which, however, there are 
asually no other changes in the blood. In severe cases, when cod- 
Biderablc quantities of bile are present in the circulation, many of the 
effects observed in the experimental study of jaundice become appar- 
ent. Any tendency toward concentration which the presence of bile 
may exert is seldom seen clinically, as the majority of severe cases of 
jaundice exhibit some reduction of red cells. This anemia is usoalljr 
referable to preexisting conditions, but in very severe cases actual 
destruction of red cells may be traced in the dried specimen. A 
tendency to very rapid ckbnatjon, and total absence op koulkawx, 
have been observed by Grawita:. In the blood of icteric infants 
Hofmeicr also noted deficiency in the formation of rouleaux, wbicfa, 
however, are normally less numerous than in the blood of adults. 

Evidences of solution of ued cells were found by Silbemian' in 
the blood of many jaundiced infants. These consisted in the presence 
in the blood of fragments of red cells, and, in the liver and spleen, of 
many phagocytes inclosing red cells and blood pigment. Many otber 
d^enerative changes in the red cells were noted but they were not 
necessarily connected with the Jaundice. In severe cases examined fagr 
the writer, besides the ordinary signs of anemia, there were in 



4 

low I 




CANCER OF LIVER, 339 

blood many very pale and some fragmented red cells; and in the 
viscera deposits of pigment equal to those of pernicious malaria. After 
death reddish acicular crystals (bilirubin ?) were sometimes found in 
the blood. 

A POLYCYTHEMIA referable to the concentrating effect of bile in the 
blood has not ofl«n been reported. Yet Becquerel and Rodier reported 
the highest figures in their experience as occurring in a case of jaun- 
dice, and later observers have abundantly shown that well-marked 
jaundice markedly increases the specific gravity of the blood, in pro- 
portion to the intensity of the jaundice. Grawitz saw the gravity rise 
from 1.050 to 1.061 in a severe case, but does not report the number 
of red cells, while Limbeck and v. Noorden ' found the dry residue of 
the blood to be 22-25 percent in several cases. The gravity of the 
serum was unaffected by the presence of bile in Hammarschlag's 12 
cases, but in Limbeck's 2 cases the serum was poor in chlorides. The 
results of Limbeck's chemical analyses indicate that the volume of red 
cells in jaundice is much increased. 

The ALKALINITY of the blood is in mild cases unchanged (Limbeck), 
but in acute yellow atrophy, de Renzi, using Reale's method, found a 
neutral reaction, while an acid reaction was present in severe catarrhal 
jaundice and in suppurative hepatitis with jaundice. 

The leucocytes, in simple catarrhal jaundice, have usually been found 
unaffected, but in Grawitz' experience an increase has been common 
and occasionally the leucocytosis has been very marked (38,000-40,- 
000). It is probable that different observers refer to different types 
of cases. 

Cancer of layer. — A large proportion of the carcinomata of the 
liver being primary in the stomach, the anemia of this condition is fre- 
quently grafted upon that of gastric cancer. The reports of Wlajew 
include one case of secondary pernicious anemia with only 850,000 
red cells, and none showing over 3 millions, while the leucocytes ran be- 
tween 20,000 and 40,000, indicating that this anemia is usually severe. 
The writer's experience at autopsies in these cases accords in general 
with Wlajew's results, as marked emaciation and distinct oligemia are 
usually prominent. The sudden onset of severe jaundice in many of 
the cases suggests the probability that the blood may at times suffer 
concentration. 

Cabot's series of 17 cases showed well-marked anemia, cells under 
3 millions in only two, while in 10 there were over 4 millions. 

The LEUCXXJYTES are usually increased in cancer of the liver but 
the increase is oft^n intermittent. Of 19 cases Cabot found only 6 
with white cells under 10,000, and in none of these six was the ex- 
amination repeated. Alexander found leucocytosis in two cases, but 
only aft^r repeated examinations. The grade of leucocytosis is usually 
moderate.* The fact that when attacking the liver most carcinomata 
are already generalizing, the tendency toward rapid growth in the 
organ, and the early formation of further metastases, are some of the 
factors which account for the frequency of leucocytosis in hepatic cancer. 
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Hypertrophic Cirrhosis with Jaundice. — More severe altcra^M 
of the blood have been observed by Hnyera in a case of hypertrophie 
cirrhosis in which the red cells fell below 2 millions, with increased Hb 
index and leucocytosis. Se%'Gre anemia was also present in two cases 
verified at autopsy and reported by Cabot, but in one, only 2,400 lea- 
cocytes were found. 

Hanot and Meunier have insisted upon the presence of leucocytous 
in this form of cirrhosis of liver, finding therein evidence of the ii^to- 
timu culture of tlie dUeane. They found from 9,000-21,800 leucocytet 
in B cases. Lukachewitch also found 20,000 white cells in another 
case, and Auche reports in three cases intermittent leucocytosis, 12,400 
to 18,y00 cells. Bacteria, usually Staphylococcia pyogenrs aureua, have 
been found in the blood of " infectious Jaundice," sometimes with hy- 
jwrtrophic cirrhosis, by Nettor. 

Oholelitlliasis. — Considerable interest attaches to the bacteriological 
examination of the blood in cholelithiasis from the recent discovery of 
bacteria in the blood, in several cases, usually in those marked by 
intermittent fever. Slapki/loe^occun pyogeneg aureus has been isolated 
ill two cases by Nettcr, in three cases, once with the colon bacillus, by 
Sittmann, and in the pus of metastatic abscesses by Gilbert and Girode, 
Briber, and many others. The pttfatiU)coccii-s of Frankd and ^repto- 
eoociu pyogenes were obtained from the blood in one case each, both 
complicated by hepatic abscess, by Canon and by Zancarol, while a 
small bacillus, not identified, was obtained from a complicating hepatic 
al>8cess and from the ulcerated heart valves, by Netter and Marlliu. 

The anemia in these coses varies with the previous condition of the 
patient and with a great variety of associated lesions. 

The behavior of the leucocytes is of Interest, and may be of \-alue in 
differential diagnosis. Biliary colic may supervene in severe attacks 
without producing any leucocytosis. The onset of jaundice is some- 
times accompanied by moderate leucoc\'tosis, at other times fails to 
. cause any increase of white cells. The difference probably depends 
upon the grade of inflammation excited by the gall stones, etc. Here 
as elsewhere one may expect no leucocvtosis with simple catarrhal in- 
flammations but witli active suppurative lesions leucocytosis may reach 
a prononnccil degree (up to ">0,000, Cabot). As some of these lesions 
nin into abscess of the liver, or pyemia, even thb high figure is [ 
ably not the limit of the leucocytosis. 

Abscess of Liver. — The lesion in abscess of the liver may fo0i 
one of several types. 

1. There may be a lat^ number of small or miliary ab« 
throughout the liver, filled with creamy or muco-pns. These a" 
•rise from extension of suppurative cholangitis. The leucocyte 
probably a continuation of that observed in cholangitis, but tliere ^ 
pear to be no direct observations on the blood of this conditioD. 

2. There may be one or two large cavities filled with creamy pa 
atringy muco-pus, and well shut off from the liver tissue by muoow 

L^^rogenic membrane. The writer has seen such an abscess run it* 
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eourse with little or do increase of white cells in the blood, and the 
leucocytosis is usually slight. In one adult case, the day before J 
liter of muco-piis was evacuated at operation, with temperature 101° 
F., the blood showed 11,000 leucocytes, 52 percent of which were 
mononuclear, 48 percent polynuclear. A previous examination had 
also failed to show distinct leucocytosis. 

3. Large necrotic abscesses with actively suppurating walla are 
practically always attended with marked leucocytosis, up to 50,000, 
but this increase may be disHiicUy iniermiticni. 

Acute Yellow Atrophy. — Casee recorded by Grawitz and Cabot 
showed 5.15 million, and 5.52 million red cells, and 12,000-16,000 
leucocytes. The exact limits of this disease are as yet imperfectly de- 
termined, but in three cases seen by the writer there was in each a 
moderate leucocytosis, 15,000-21,000, Two of these occurred in par- 
turient women at Sloane Maternity Hospital and showed the usual 
lesions in the liver. In another, at Roosevelt Hospital, the disease 
lasted three weeks, and the inner four-tifths of the hepatic lobules were 
necrotic. The red cells were not counted, and the absence of rouleaux 
and the early crenation mentioned by Grawitz were not noted. In two 
cases bacteriological examinations of the blood during life, by Sitt- 
mann, were negative, but Vincent obtained the colon bacillus from the 
blood of one case during life. 

BchinococcBB Oyat of Liver. — Hayem classes the echinococous 
cyst of tlie liver as one of the conditions leading to leucocytosis and 
excess of fibrin in the blood. Neusser refers to an increase of eosins 
in the same condition. Atiche in one case ruled out the diagnosis of 
hypertrophic cirrhosis from the absence of an excess of leucocytes, the 
patient showing an cchinocfxtcus cyst at autopsy, while Wlajew found 
no change in the blood in a case of hydatid cyst of the liver. 

Oirrhoais of Liver. — In the early stages of the disease, when 
digestion is not much impaired and there are neither jaundice uor hem- 
orrhages, the blood is but little altered. Almost invariably the Hb is 
deficient. During the progress of the disease the blood steadily de- 
teriorates, giving some of the most typical examples of secfmdary 
anemia. Abundant cause of the anemia is found in all cases in the 
disturbance of the functions of the liver and stomach, and in other 
cases by the complications of the particular type which the disease 
follows. In slowly prf^ressing cases without special complications, 
the blood commonly shows between 3-4 million cells, 55-75 percent 
of Hb, and little or no leucocytosis. 

The ordinary proBreas of the anemia is perhaps most affected by 
PROFUSE iiEMORRUAOF.s, after which the blood shows the usual reduc- 
tion of red cells and Hb, with nucleated red cells and leucocytosis. 
Single hemorrhages may occur in subjects which are only slightly 
anemic, and the blood is then rapidly restored. In the later stages of 
the disease, single or repeated hemorrhages if not at once fatal, often 
ead to very grave secondary pernicious anemia. 

AscFTES, although draining the blood of much albumen, is coi 
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monly found with lesser grades of chlorotic aiiemia. It is not u^^ 
common to 6nd, in well advanced cases requiring paracentesis, 4J to 5 
million red cells and Hb above 65 percent. Grawitz believes that the 
ascitic transudate leads to some concentration of the blood and the 
masking of anemia. Such a condition is strongly suggested at times 
by the disproportion between the anemic appearance of the patient and 
the slight changes demonstrable in the blood. The EFFEcre (»f tap- 
ping vary. Limbeck observed a case of Laennec's cirrhosis, with ex- 
treme ascites, in which the removal of 18 liters of fluid raised the red 
cells after 24 hours from 3.28 millions to 5.16 millions. Three days 
iater they fell to 3.54 millions. Osterspey noted the same result after 
Bcveral tappings of the same patient. On the other hand Grawitz saw 
the red cells fall from 4.7 to 4.3 millions shortly after tapping, but 
the first examination came three days before the operation. The eSects 
of tapping may very well vary with tlie immediate effects upon tb« 
circulation, with the state of the kidneys, and with the reappearance 
of the ascites. 

Jaundice, if mild, has no demonstrable influence on the blood of 
cirrhosis ; nor do the ordinary chronic forms of moderately severe 
jaundice appear to be accompanied by any special alteration in the 
blood except a tendency toward leucocytosis. 

In most of the jaundiced coses reported by Hay em, Cabot, and otheis, 
there was a moderate leucocytosis, reaching 20,000 or more. Severe 
jaundice usually occurs in advanced and anemic cases, or in tlie hyper- 
trophic forms. The ordinary cirrhotic process in the Hver is unaccom- 
panied by leucocytosis, which however may frequently arise from many 
complications or accidental causes. Thus Hayem, Osterspey, Cabot, 
and others found no leucocytosis except from complicatJoDs, but Qtar 
witz, Kosenstein, and Wlajew refer to cases with moderate leucocytosis, 
without giving details. 

DISEASES OF OASTKO-INT£STINAL TRACT. 

Esophagus. — Stenosis of the esophagus, when extreme, by dimioj 
ing the quantity of fluids ingested, has been shown to lead to mai' 
concentration of the blood. V. Noorden' refere to two cases of < 
oer of esophagus in which the dry residue of the blood reached 26.5 a 
27.3 percent (normal 21-22 percent). When to this «mdition of o 
oentration are added the cachexia which belongs to carcinoma audi 
etarvBtion, a marked degree of oligemia may result, approaching t* 
of pernicious anemia. A distinctly reduced quantity of blood 
noted at autopsy in one of two cases of epithelioma of esophagus, 
observed by the writer at Roosevelt Hospital, while in the other, ia 
which death resulted from pulmonary extension and pneumonia, the 
stenosis was not extreme. These same factors may perhaps be re- 
sponsible for some relative increase in the numbers of red cells which 
has been observed in a few cases. The red cells in reported cases 
have been above nonnal, or very slightly reduced, as in other foms 




DISEASES OF THE STOMACH, 348 

of cancer, or greatly reduced, as in the severe anemia of cancerous 
cachexia. 

Comparing his own results in a single case with those of Escherich, 
Pee, and Osterspey, Rieder concluded that the cachexia of epithelioma 
of the esophagus differs from that of carcinoma in other regions in 
the absence of leucocytosis. Reinbach also reported two cases with 
relative lymphocytosis. Cabot and Hoffman, however, report several 
cases with moderate leucocytosis. In the writer^s cases there was 
ante-mortem increase of white cells. There has been no attempt to refer 
these varying results to the special causes of leucocytosis to which 
they are probably due. 

Diseases of Stomach. 

Qeneral Considerations. — Since the blood depends for its supply of 
albumens chiefly upon the functional activity of the stomach, there is 
an intimate relation between the condition of the blood and the ac- 
tivity of digestion and absorption in this organ. 

1. Transitory functional disturbances of the stomach usually fail 
to notably alter the blood, but persistent vomiting with hyperacidity 
has resulted in distinct concentration of the blood and reduction of 
chlorides both in blood and urine. 

2. While total withdrawal of food for a short period causes com- 
paratively little change in the blood, a long-continued failure of diges- 
tion or absorption is one of the most efficient causes of anemia. It 
has already been shown that organic lesions of the stomach are promi- 
nent among the pathological findings in cases of pernicious anemia, 
including chronic gastritis, atrophy of gastric mucosa, stenosis of the 
pylorus, and cancer. All the lesser grades and types of anemia are ob- 
served, with even greater frequency, to be associated with gastric lesions, 
while the anemia of marasmic in&nts is doubtless largely owing to fail- 
ure of digestion and absorption, without organic lesion in the stomach. 
Meynert's theory of chlorosis further illustrates the well-founded be- 
lief in the importance of normal digestion in maintaining the condi- 
tion of the blood. 

3. The stomach is a frequent site of loss of blood by hemorrhage. 
If, as is indicated by the studies of Quincke, and of Dettwyler and Sil- 
berman,^ anemia or hemoglobinemia are strong predisposing causes of 
ulceration of the stomach and duodenum, there is in the interaction of 
these two conditions a " circulus vitiosus " which readily explains their 
fn^quent association in the same subject, and the very severe grades of 
anemia which thereby result. Smaller and more frequent bleedings also 
greatly aggravate the anemia which accompanies ulcerating carcinoma. 

4. Much has been written about the effects of gastro-intestinal 
toxemia, but the chief source of autotoxic agents is without doubt the 
intestine. 

Special Diseases. 

Acute Oastritis, Dyspepsia, Hjrperacidity. — ^These conditions, if 
not prolonged, have no tendency to produce anemia. If vomiting is 
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Ohronic Oastritis. — Chronic gastritis may be tolerated for long 
periods without lending to any marked anemia, as the writer has oft«n 
observed in private cases addicted to alcohol. When the patients be- 
come disabled, anemia, of the secondary clilorotic type, ia usually foand 
to be associated with loss of flesh. The leucocytes are low, and lym- 

tthocytes usually prevail. (Blindeman, Cabot, Hoffman.) Digettioo 
euoocytosis may be diminished and is sometimes absent, as in oanocr. 

Associated with chronic gastritis and fibrous stricture of the pylorus, 
the writer has twice observed slowly progressive anemia lasting four 
and five years. The changes in the blood were first chlorotic, later 
intermediate, and finally those of pernicious anemia, without many 
megaloblafits in the blood, but with typical changes in the marrow. 
Much more acute and typical cases of pernicious anemia have been re- 
ferred to chronic gastritis. (Pepper, Stengel.) 

DilatatiOQ of Stomach. — In cases of gastrectasis from chronic gas- 
tritis or stenosis of pylorus the blood does not differ from that of 
simple UDComplicated chronic gastritis. Although the patients become 
cachectic and lose flesh, the blood usually fails to show corresponding 
anemia. In the cases reported by Ileinert, Cabot, Blindeman, and 
others, the red cells and Hb were normal or increased or but slightly 
reduced. It is generally agreed that oligemia eiists in these cases, 
but its origin is not clear, and it is by no means evident that the con- 
centration of the bloud is affected, as Kuasmaul suggests, by excessive 
vomiting. Defective absorption is probably a more important factor. 

The Blood in Oastro-intestiiial Diaeases of Infants. — Acute gas- 
tro-entcritis occurring in healthy infants usually tends to concentrate 
the blood, but these effects are demonstrable only in severe cases. Kel- 
Benthal and Bernhard, in 20 cases, found uniform polycythemia reach- 
ing 7.5 million cells, and usually moderate leucocytosis. Hock and 
Schleainger found a moderate increase in specific gravHty in very se- 
vere but not in ordinary cases. On the other hand in an anemic 
rachitic infant with diarrhea the Hb fell in one week from 80 to 60 
peroent, indicating that a preexisting anemia may lie a^ravated by 
Buch attacks. 

The leucocytes are usually increased, Fischer flnding a well-marked 
lymphocytosis with 60 percent of lymphocytes, while Hook and 
Schlesinger in the above-mentioned case found 38,000 leucocytes the 
majority of which were large lymphocytes. In two catts of cholera 
infantum, rrportfd by H aw, the lymphocytonia approached the gradt cf 
fympkatie leukemia. 

In chronic gastro-enteritis there may be progressive anemia and 
emaciation, as in Hayem's case in which after 2 months the red cell* 
numbered only 68.5,000, leucocytes 18,(110. On the other hand, 
Monti and Bci^grun (p. 17) report a case lasting 6 weeks in which the 
blood of the emaciated subject showed 4.1 million red cells and 66 
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percent of Hb. In most of Felsentlial's cases the Hb rose above 66 
percent, only when there was marked polycythemia, while moderate 
leucocytosis was the rule. 

The grade of anemia observed in marwtmte mfanU with mild gastro- 
intestinal disturbance is very variable, and its different phases illus- 
trate all the stages of secondary anemia. It is usually charactenEed 
by relative or absolute lymphocj-tosis. 

Ulcer of Stomach. — The state of the blood In ulcer of the stomach 
is extremely variable and it is not always evident what conclusions to 
draw from the results of its examination. From the very numerous 
cases reported in greater or less detail by Leichtenstem, Laache, 
Haeberlin, Oppenheimer, F. Muller, Schneider, Reinert, Osterspey, 
Cabot, Rocheraout, and others, as well as from the writer's own obser- 
vation, these changes seem to fall in some rather distinct classes. 

1. Some cases appear to have suffered no permanent change in the 
composition of the blood, but from their anemic appearance it is prob- 
able that the total volume of blood has been reduced, without marked 
alteration in its quality. 

Most of these paticata have never sustained a largo hemorrhage, or a 
former loss of blood has been replaced through the active regeneration 
which is often seen in this condition. Muller and Oppenheimer have re- 
ferred especially to such cases, while Grawitz demonstrated in one pntieol 
that the blood was decidedly hydremic, the dry reaidue of the senim being 
only 8.66 percent, while that of the whole blood was 19.75 percent, and the 
red cells numbered 4.34 millions. This patient was recovering from more 
severe anemia and still gave anemic heart murmurs. A single chemical 
analysis, white most important, cannot with certainty be applied to all these 
patients, however, and several of Oppenheimer's reports indicate that the 
blood may be entirely normal in some cases of gastric ulcer. It does not 
seem probable that vomiting or other causes of concentration of the blood 
are important factors in the majority of these cases. 

2. The xigual Hlale of the blood is one of marked secondary chlorotio 
anemia, with little or no leucocytosie, the presence of which depends 
largely upon the manner of feeding. While the regeneration of the 
blood after hemorrhage is often very rapid, it is seldom complete while 
the patient remains in the hospital, and there seems to be some influ- 
eooe, possibly found in a diminished digestive power in the stomach, 
which causes the anemia to persist. 

The writer followed one male patient for 5 years after a dangerous hem- 
orrhage, but although all local and other general symptoms had disap- 
peared, the blood never showed more than 75 percent of Hb. 

3. The bleedings of ulcer of the stomach furnish some of the most 
remarkable examples of post-hemorrhagic anemia, the characters of 
which have been described. Surviving patients seldom show less than 
one million cells, but from this point may improve rapidly, with low 
Hb-index, normoblasts, and leucocytosis. Cases with cells under 3 
millions have usually suffered from hemnrrhages, which if frequently 
repeated may lead to grave anemia with rising Hb-index and increas- 
ing diameters of red cells. 
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Leucocytes. — Leucocytoais of moderate grade foUowB hemorrhage, fl 
local inflammation. In one case with marked leucocytosis the writer 
found two perforated ulcers, one opening into a large cavity in the 
liver, the other connected with an absccBs of the liver. In quiescent 
periods, with rectal feeding, there is usually hypoleuoocytosia, while 
the change to feeding by the stomach may excite considerable diges- 
tion leiiGocytoeis, as in Cabot's case, in which the first meal raised th« 
white cells from 4,000 to 15,000. These features may be of diagnos- 
tic value when cancer is suspected, but should be interpreted with cau- 
tion. Digestion leuooeytosis has been absent in 10 cases of ulcer re- 
ported by Hoffman, Hasamann, and Schneyer. In three of these there 
was st«nosis of pylorus. 

Cancer of Stomach. — The usual course of the anemia of malignant 
neoplasms is varied by the peculiar conditions connected with a tumor 
of this organ, and by the extent and character of the new growth. 
In the reports of some 200 cases to be found in the literature there 
has been no systematic attempt to classify the types of anemia with 
reference to the character of the tumor, and while it appears by no 
means certain that such a class! ficAtiou would be of clinical value, 
there are, nevertheless, certain features of the growth and complica- 
tions of these tumors which chiefly determine the state of the blood. 

1. Some canoen of the stomach exist for coiutideruhlc periods without 
Uading lo latirked impoverishmeid of Out blood, and there is no necessary 
cause uf anemia in the early stages of most of those which do not 
bleed, ulcerate, or contract the pylorus. When chronic gastritis or 
ulcer precede cancer, the preexisting anemia suffers at the time no 
appreciable change. Accordingly, it is a common experience to find 
in the blood at this time no disti net indication of the presence of a ma- 
lignant tumor in the body. At this time the general symptoms arc 
more reliable diagnostic signs than is the state of the blood. Moreover, 
if vomiting is a prominent early symptom, an initial anemia may be 
masked by temporary concentration of the blood. Thus Cabot re- 
ports over 4 million red cells in 34, and over 5 millions in 19, out of 
72 cases. 

The /r(rf/t^ of affection of the blood is seen iu i\\G fidiing Ith which 
has been found considerably reduced in many of the cases with normal 
or nearly normal red cells. 

2, In the majorilif of cases of gastric cancer the red cells are reduced 
in number, the Hb is deficient, and tlie blood sluncs Ute cluinijen of tte4wnd~ 
ary chlorolic anemia. The reduction of cells is sometimes remarkably 
slight, but the Hb usually suffers first and most severely. When dis- 
tinct cachexia is present, both red cells and Hb are nearly always re- 
duced, unless there is active vomiting. Poikilocytosis appears in the 
more chronic and severe cases. Nucleated red cells are usually aceo 
in small numbers. Sometimes tliey are present when the anemia is 
very slight. Jez found them so common in cancer and so rare in c' 
as to furnish diagnostic evidence between these conditions. 

The Hb-index is commonly subnormal but not so low as 
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tsis. Osier and McCrae^ however, found an index of .63 in 52 cases, 
which is nearly as low as that of chlorosis. The Hb is very much 
less likely to increase when once low, while it does increase, frequently 
and rapidly, in simple ulcer. (Blindeman.) 

The conditions which tend to develop severe anemia in gastric can- 
cer are chiefly hemorrhage, ulceration, and metastasis. Diffuse growths 
and annular pyloric tumors have less effect upon the blood. 

3. A moderate p^oportian of cancers of tlie stomach pursue a course 
which dearly resembles that of pernicious anemia. Without very marked 
gastric symptoms and with no demonstrable tumor, the blood becomes 
excessively anemic, the red cells falling to a low figure, usually about 
1^1 millions, megalocytes are abundant, and nucleated red cells, some 
of which may be of large size, make their appearance. 

The type of carcinoma found in these cases varies. Sometimes there is 
a small tumor of the stomach wall with moderate neighboring metastasis, 
suggesting the development of cancer in an old round ulcer. Sailer and 
Sadler report such cases, and the writer has seen two others at autopsy. 
Usually the tumor is of considerable size and ulcerating, as in another case 
reported by the writer. It is not probable, however, that the grave form of 
anemia is necessarily associated with any particular forms of cancer, as both 
the above types may be seen without extreme anemia. 

In the diagnosis of this type of gastric cancer from pernicious 
anemia, one is usually aided in the examination of the blood by the 
following features : 

(a) The majority of m^alocytes do not show an excess of Hb, which 
is distinctly more deficient than in pernicious anemia. 

(6) Megaloblasts are rare, and nucleated red cells, if present, are 
mostly of normal size or but slightly larger than normal. 

(c) There is usually polynuclear leucocytosis in advanced carcinoma 
of stomach. 

The leucocytosis may fail and a few megaloblasts may be present, 
but the writer has been unable to find a case of grave anemia in cancer 
of the stomach in which the general deficiency of Hb was not marked. 

Henry calls attention to the fact that in cancer the cachexia exceeds 
the oligocythemia, while in pernicious anemia the opposite relation 
holds, but the anemic type of gastric cancer has in several reported 
cases reduced the red cells below 1| millions, the limit noted in his 
experience. In his statement that at death pernicious anemia leaves 
fewer red cells (usually below 1 million) than gastric cancer (usually 
above 1 million) most observers will concur. 

Leucocytosis in Gastric Oancer. — Polynuclear leucocytosis is present 
in the majority of cases but not in all. In the early stages of the dis- 
ease, when diagnoses are difficult, leucocytosis is frequently absent, and 
if we exclude the slight increases, the majority of early cases fail to 
show leucocytosis. This fact probably depends on the usual absence 
of any cause of leucocjrtosis, which the tumor itself does not furnish. 
Without much regard to the position of the tumor or the rapidity of 
growth, leucocytosis makes its appearance as a result of ulceration, 
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exudative iuflammalion aLx)Ut the tumor, hemorrhage, metastasis, antf ^ 
anemia. In the writer's expfrienee these causes are most active in the 
order named. A single enamination of the Mood is, however, quite 
insufficient to exclude the occurrence of the leucocytosia which is ntivr 
under consideration. The leucocytosia of secondarj- a 
intermittent, according to the process which it follows, and itB del 
may require repeated examinations. 

The grade of leucocytosia is usually not high, but since in low states 
of nutrition the leucocytes are usually low, the presence of 10,000 
lencocytes has here more significance than in states of health. The 
majority of advanced cases show between 10,000 and 20,000 while 
cells. Extreme leucocytosis has usually been found to result from 
complicating inflammation, extensive ulceration, or numerous meta- 
stases. It is said that some cases may pursue their course entirely 
without leucocytosis. 

When the total numbers are distinctly increased the proportion of 
polynuclear leucocytes is usually high. This fact is specially apparent 
in the cases reported by Osier and McCrae. Eosinophile cells, bow- 
ever, are nearly always present, and sometimes their numbers and pro- 
portions are considerably increased (5—6 percent). It is of interest to 
note that Labbe has found many eosinophile cells in the tissue in and 
about an excised cancer of the stomach, as well as in the adjoining 
lymph nodes, 

IMgestlon Lencocjrtosis in Cancer of Stomach, — R. Muller, in 1890, 
first called attention to absence of digestion leuoocytosis in cancer of the 
■tomacL, and this fact has sinc« been abundantly verified by the reports 
of Schneyer, Hoffman, Hartung, Cappa, Sailer, Cabot, Hassman, and 
Jez. 

Uuller, Schneyer, Jez, and Hartung found no digestion leucocytosia in 
tbeir 41 cased, while in simple ulcer it was always present, except in one case 
of bematemesis. Hartung found it present in four cases of cancer of other 
organs. Cappe and Cabot report digestion leucocytosis of 3,270-3,860 oella, 
in 3 of 87 cases, while it was present in only 5 of 10 cases of chronic gaatriti* 
and in one case of fibrous stricture of pylorus. More rerently Hoflbian, finding 
digestion leucocytosis in 3 of 24 cases of uancer, but in only 2 of 9 cases of 
ulcer of stomach, and in only 2 of 11 cases of anacidity from other caUMS, 
denies any great dia^ostic value in the test, Hassman and Schneyer alao 
found no digestion leucocyl^jsis in three cases of ulcer with pyloric stenoaw, 
while Sailer found no digestion leucocytosis in one case of tuberculous ca- 
chexia, and in two cases with preexisting inflummutory leucocytosis. Oater 
and McCrae demonstrated an increase of 33 percent of leucocytes following 
digestion in 10 of 22 cases of gastric cancer. 

The above studies showing that digestion leucocytosis is absent wl 
the stomach fails either to digest or absorb with considerable activit^^ 
conditions which usually but not necessarily accompany (^rcinoma bat 
which may also be found in simple ulcer, chronic gastritis, stenoaia of 
pylorus, gaatroptosis, nuacidity, tuberculosis, etc., it appears that this 
t«8t can hold only a very subordinate position in the diagnosis of 
cer of the stomach. 
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Duodenal Ulcer closely resembles gastric ulcer ia its effects upon 
the blood. 

Diseases of the Intestine. 

The blood U very closely dependent upon the absorptive and ex- 
cretory functions of the intestine both for its transient variations in con- 
centration and its more permanent supply of albumens. So marked 
and prompt is the response of the blood lo these changing conditions, 
that no examination of the blood requiring accurate calculation should 
be made without full r^ard to the condition of the gastro-intestinal 
tract. The writer has repeatedly seen an attack of typhoid fever com- 
pletely obliterate the signs of a moderate chlorosis ; and has previously 
referred to the remarkable transformation of the blood observed when, 
at Hontauk in 1898, typhoid fever developed in subjects of malarial 
cachexia. Of the two main intestinal functions the blood res[>onds 
much more promptly to excessive excretion than to increased absorption. 

Effects of Absorption. — During the early stages of digestion of 
solid food the red cells tend to increase, owing to the discharge of a 
considerable bulk of digestive fluids. (Buntzen, Sorenson, Leichten- 
stern.) With largely lluid diet, on the other hand, the absorption of 
fluids may tend from the first to diminish the red cells, bo that their 
lowest proportion is found about four hours after meals. At the same 
time coagulation is slower, (Vierordt, Leicb ten stern.) The increased 
flow of lymph doubtless contributes to this result. With proper diet 
in healthy adults, these processes usually fail to cause Important vari- 
ations in the red cells and Hb of the blood, and even when the quan- 
tity of fluid in the food is excessive or extremely deficient, the demonstra- 
ble effects are slight and very transient. Leichtenstern could detect 
no change in a patient who drank 21.5 liters of water during three 
days, and Schmaltz found only a slight reduction in gravity (1.059 to 
1 .057) forty-five minutes after the ingestion of 4 liters of physiolo^oal 
salt solution. The ingestion of very lai^ quantities of fluid can dilute 
the blood only to a alight degree, beyond which the activity of the 
kidneys is sufficient to carry off all excess and keep the gravity of the 
blood within somewhat narrow limits. 

Depletion of the blood by limited ingestion of fluids and especially 
by watery exudates U-ads, on the oilier funui, to very prompt and consw/cr- 
ahle concentrcdion of tJxe blood. Numerous clinical illustrations of thia 
fact have already been considered as arising from disorders of the 
stomach, but the more extreme examples are connected with the use of 
purges and with diseases of the intestine, especially those attended 
with active diarrhea. 

Effect of Forges Upon the Blood. — It was held by Poisseuil in 
1839 that when salines are administered in greater concentration than 
that of the blood serum, the laws of osmosis determine the passage of 
fluids from the blood into the intestine. It has since been shown that 
with many laxatives otlier factors lead to the same result, especially 
the increased intestinal secretion and the failure of absorption. 
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Brouartlel first domoustratcd an increase of blood cells rollowing 

\ tion, Snding that with severe diarrhea the red ceils mig:ht rise as much as 
1,456,000 per cmm. The leucocytes were at the siune lime increased, 
I tnasimum 5,880, but apparently for different reasons and not in proportion 
to the red cells. Later, Kay found an increase of nearly 2 millicio red cells 
within 1\ hours after the administmtion of a large dose of Glauber's aalu 
The increase begau in a few minutes, and the normnl condition was restored 
in about 4 hours. The effects were more marked the more conccDtrated 
the solution ; but after a certain concentration of blood had been reached, no 
further effects could be induced and no purgation followed the continued ad- 
ministration of the saUue. Likewise Grawitz found the administmtion of 15 
grains of Epsom salt in 50 cc. water to raise the gravity of the blood, be- 
ginning in 5 minutes and reaching a maximum increase, from 1.0591 to 
1.0689, in 42 minutes, after which there was a steady decline. Common salt 
ven more active ; 15 grains in a little water on an empty stomach nua- 
\ lug the gravity of the blood from 1.O50 to LOGO within 20 minutes. The e*^ 
Acta of such salines he found wtre largely uullified when the stomach 
intcsliues contained much food. 

Colitis (Dysentery). — Acute colitis of croupous or ulcerative 
asually cauHea some concentration of tlic blood aud is attendeil 
considerable leucocytosis. After tbe acute febrile period, if the patient 
survives, anemia replaces the oligemia and the leucocytosis beoomee 
inter mi ttelit. Yet the writer has seen excessively emaciated cases of 
acute amebic colitis die, without fever, and without marked reduction 
in the proportion of red cells. 

Chionic alcerative colitis, when attended by much purulent exu- 
date and numerous hemorrhages may lead to extreme anemia 
secondary chlorotic or pernicious type, Iveucocytosis if present 
intermittent. 

Oatarrhal colitis has little effect upon the blood, tending by di 
tion to raise the proportion of red cells. There is usually no lei 
oytosis. 

Simple acnte diarrhea causes a slight and transitorr increase of 
and lib. 

Oliolera morbns and the severe gastro-enteritis of infants must hai 
a pronounced eSeet in concentrating the blood and masking anemia, ' 
DO detailed studiea in this field are apparently at band. 

Obolera. — The most extreme grades of concentration of the bli 
are seen in those cases of Asiatic cholera which die in the algid 
and in which the system has been excessively depleted by proli 
diarrhea. Tbe diminution in the quantity of blood may even 
plainly visible to the naked eye, in the scanty hemorrhage which 
lows section of an artery. (Dieffenbach.) 

Tbe principal changes in tbe blood of cholera are fully set fortli in 
the first systematic study of the subject by Schmidt, who in specimens 
obtained bv venesection found tbe specific gravity of the whole blood 
raised from 1 .050-1 .05!) to 1 .065 or 1 .073, of tbe serum from 1 " ^ " 
1 .047. Even the red cells were found to suffer a marked loss of 
their gravity rieing from 1.088 to 1,102. Moreover, while 
crease in density of the blood and serum was not uniform nor 
cases well marked, the changes in the red cells were pronounced 
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invariable. Schmidt's analyses were not made in the most extreme 
cases, however, and the relation between the gravities of the blood, 
the cells, and the serum, indicate that the relative quantity of serum 
had remained about normal. Other and older observers (Thomson) 
had previously noted a gravity of the serum as high as 1.057, indi- 
cating that the serum had begun to suffer disproportionately in bulk, 
and that a true oligoplasmia existed. 

Schmidt and Biemacki added to the knowledge of the subject the 
fact that all chemical constituents are increased in rather uniform pro- 
portion except the sodium chloride, which seems to transude in the 
stools in excessive quantity. Biernacki, finally, has shown that these 
excessive grades of depletion of the blood do not exist unless the 
tissues are themselves seriously drained of fluids and can no longer 
supply water to the blood. 

The coagulability was found by Hayem and Winter to be sometimes 
normal, but often, in the stage of reaction, much increased. They 
found a much diminished capacity of the blood to absorb oxygen. 

The alkalescence of the blood in cholera was regarded by the older 
observers as extremely deficient, and Cantani in 1884 claimed to have 
demonstrated a rapid decrease of alkalinity, a neutral reaction during 
the algid stage, and even an acid reaction before death. This change 
he referred to excess of COj, and he recommended treatment by alka- 
lies. Biemacki refers the diminished alkalinity to loss of sodium. 
Hayem and Winter examined twelve specimens of blood during the 
stage of collapse, finding four of them neutral or slightly alkaline, 
and eight slightly acid. The reaction has not been determined by 
more recent methods. 

The red cells are markedly increased in nearly all cases. In one 
instance they rose to 7.662 millions within 24 hours, the patient finally 
recovering. Usually the red cells rise to 6 J-7 J millions, and this ex- 
cess is usually, but not always, proportionate to the other evidences of 
concentration. One case showed a maximum of over 8 million red 
cells, while another gave only 3.193 millions during the stage of reac- 
tion. Beginning concentration has been noted as early as the third 
hour. Biemacki attributes to the thickening of the blood and espe- 
cially to the depletion of tissues considerable importance in the patho- 
genesis of symptoms but found very severe symptoms in patients not 
showing much diarrhea. 

Morphological changes in the red cells have not been noted by most 
observers, but Nicati reports that in hemorrhagic and jaundiced cases 
there are many shadows of dissolving red cells, and often pigmented 
leucocytes, to be seen, especially in the stage of reaction. 

Leucocsrtosis is practically constant in all marked cases. Biemacki 
found 21,250 cells in one mild case suffering chiefly from diarrhea, 
but only 4,376 in another very similar case. Eight cases showing in 
the algid stage very high leucocytosis, 40,000-60,000, were fatal. 
Some cases with more moderate leucocytosis (20,000-30,000) were 
also fatal, but less rapidly. In the stage of reaction the leucocytes are 
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uaually lower, but some fatal cases show a persistent or increasing li 
oocytosis in this stage. The increase of leucocytes is relatively mudi 
greater than that of the red cells. It has been noted as early aa the 
twelfth hour, and may persist as long as 6 days. The polynuclear 
cells are in great escess, and eosins are usually absent. 

Bacteriology of the Blood. — The comma bncU/us has apparently not 
been found in the blood during life. Alter death it was recovered 
from the heart's blood in a small proportion of 48 cases examined by 
Leaage and Macatgne, and in 4 of 1 1 cases, examined 8~24 hours 
after death by Rekowaky. Wlaew failed to obtain positive results 
from the heart's blood in several cases, and one specimen of bio 
drawn during life waa sterile and non-pathogenic to animaU. ~ 
troptoCTalso found li sterile specimens of heart's blood. 
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BtSpiratory Ohanges in the Blood. — Daring its paB^age tbroogji 
the liiDgs the blood undergoes certain cfaanges which in their normal 
progress belong to the physiology of the Vjlood, but when dieturbed by 
pathological conditions may considerably affect both its chemistry and 
its morphology. 

The absoq)tiou of O^, which results partly by simple absorption by 
the plasma, but lately by chemical union with Hb, raises the volume 
of this gas in arterial blood to 21 percent as against 12 percent for 
venous blood, while the discharge of CO^ from the tissues into the 
plasma, where about two-thirds of it exist as a bicarlwnate and ooe- 
third in the red cells, increases the CO, content of venous blood to 46 
volume percent from 38 percent, the average content of arterial blood. 
The chahactek of the diet considerably Influences the ratio of 
COj excretion to O, absorption, which with carbohydrate food mAiD- 
tains a proportion of about 1 to 1, while with highly albuminous diet 
more oxygen is absorbed and devoted to oxidation, and the ratio is .74 
to 1. (Fembry.) 

Arterial blood was long supposed to be richer than venous in lolids 
and Hb (Kruger), but Cohnstein and Ziintz showed this apparent 
thickening to be due to stasis caused by the procedures followed in 
veneaection ; and with Kruger and others these observer demonstrated 
that the blood in larger arteries and veins is equally rich in red cells, 
Hb, and dry residue. 

An important difference between venous and arterial blood was 
demonstrated by Hamburger, who showed that under the influenoe of 
CO, the isotonic tension of the red cells is moderately increased, so 
that chlorides and water pass more readily from plasma into cells, 
while albumens, alkalies, and probably also phosphoric acid, pass from 
cells to plasma. A simultaneous increase of the sugar and fat of the 
^^^H serum was also noted, but its origin not fully determined. As a resalt 
^^^H of these alterations in osmotic characters, the red cells of venous blood 
^^^H were found to swell and assume a more spheroidal shape. Limbeck, 
^^^B who also verifie<l this change in the osmotic qualities of the red cells 
P in venous blood, referred the excess of dry residue of the plasma not 

l to withdrawal of albumens from the cells but to absorption of th« 

I water of the plasma by the red cells, which he found to suffer an in 

I crease of volume in venous blood, 



* 




DISEASES OF THE LUNQS 355 

With the increase of CJO, in venous blood those observers who iden- 
tify alkalinity with CO^-content found an increased acid-neutralizing 
power in venous blood. This anomalous result^ viz.^ the increase of 
alkalinity of a fluid by the addition of an acid, they referred to the 
withdrawal of alkaline salts from the tissues for the neutralization of 
the acid. 

It is of prime importance in considering the pathogenesis of symp- 
toms in various anemias to call attention to several studies which have 
demonstrated that Hb has a strong chemical affinity for oxygen and 
that this attraction, rather than the percentage of O, in the air, chiefly 
regulates the supply of oxygen to the tissues. Lukjanow first showed 
that by increasing the pressure of the O^ in the lungs he could not add 
to the quantity of absorbed oxygen, although arterial blood is not sat- 
urated with oxygen, while Lowy found that neither by increasing the 
pressure to 1,400 mg. Hg, nor by lowering it to 40 mg. (normal 760 
mg.), could the blood be made to absorb more or less O,. Beyond 
these points however the absorption of Oj begins to vary. Turning 
their attention to the respiratory processes in anemia, Kraus, Chvostek, 
Bohland, and especially Biernacki, found that the quantity of oxygen 
that can be exhausted from blood remains about the same although 
the Hb may vary greatly, that in simple anemia the system instead of 
using less oocygen employs rather more than in healthy and only in the 
severest forms of anemia is the percentage of oocygen in the blood dis- 
tinctly reduced. 

It therefore appears, as Gramtz concltides, that the oocygenaiion of the 
blood in the lungs is not regukUed by the laws of diffusion, and is not 
closely dependent upon the atmospheric pressure nor upon the amount of 
Hb in the blood, but is governed by a special chemical aetivity residing in 
the Hb. 

The laws governing the respiratory changes in the blood, thus briefly 
sketched, principally apply to chemical processes, but have important 
bearing also upon certain morphological changes seen in conditions of 
dyspnea, asphyxia, and in the peculiar state of the blood observed at 
high altitudes. 

The EXHALATION OF VAPOR DURING RESPIRATION, whilc UOt fol- 
lowed under normal conditions (Dastre) by any concentration of the 
blood, may, if we accept the results of Grawitz's observations in patho- 
logical states, lead to considerable loss of water and increase of red cells 
and dry residue. Grawitz examined the blood of an hysterical woman 
before and after a prolonged attack of hysterical dyspnea, in which the 
respirations rose to 100 per minute, and found the red cells increased 
from 4.9 to 5.1 1 millions, the dry residue of the whole blood from 19.78 
percent to 22.08 percent, and that of the serum from 9.54 percent to 
9.85 percent. A similar result was noted after he had voluntarily in- 
creased his own respiration to 40 per minute during a period of one 
and three-fourth hours. 

A8ph]rxia. — During dyspnea from disease of heart or lungs there is 
proportionate increase of CX), in the blood. (Kraus, Chvostek.) In ex- 
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treme asphyxia Zuntz collected the remilts of ninoteen analysee, 
gave for O, 0.96 volume percent and 49.53 percent of CO^. In the 
attempt to dischar^ CO^ from the tissues and to supply O^ respira- 
tion is accelerated, and the same result is attained by the polycythemia 
which results from venous stasis. Among the reeulta following the ex- 
cess of CO, in the blood is an alteration in the red cells which renders 
the Elb more readily diffusible in tlie plasma. This change, while not 
apparently leading to liemoglobiii<^mia during life, is evident af^er death 
ID the reddish tinge of the serum. One of the prominent signs in the 
blood of asphyxia is the failure of coagulation, whtdi is ofleu very 
complete and is probably referable to the presence of CX),. Oltolenghi, 
examining the blood of asphyxiated rabbits, found it to be thinner and 
more diffusible, while the ret! cells were reduced in number, resistanoe, 
and specific gravity. In the peripheral blood of the human subject, 
during rapid asphyxia, there are all the evidences of extreme concen- 
tration. In the slower forms of asphyxia, which are accompanied by 
pallor, the blood has apparently not been compared with that of the 
more rapid cases. 

Emphysema, — The blood in emphysema varies considerably accord- 
ing to the state of the circulation and respiration. 

During (he intervals when the cirmJation i« at its best and cyanosu U 
absent, an anemic condition may \te demonstrated in many cases, whiA 
is referable to the malnutrition of the patients or to complicationi, 
especially cirrhosis of liver, nephritis, and chronic gastritis. When 
cyanosis becomes chronic most observers have found more or less poly- 
cythemia and increase in specific gravity (Peiper,' Grawitz'J, but in 
Leich ten stem's cases this concentration was apparently insufficieat to 
obsoure the anemia, as he reported a loss of Hb in patients suQTeritig 
irom cyanosis, edema, and heart failure. An increase in the voIiudc 
of red cells up to 8// has been described by Vaquez,' in cases of 
chronic cyanosis from various causes. During asllnnalic attarkt with 
cyanosis, the blood liecomes still further concentrated and the exprensed 
drop may api>ear almost black. 

The leacocytea are usually of high normal average, but during the 
asthmatic attacks there may be distinct leucocytosis. When bronchitis 
is added the leucocytes may be markedly increased. With or with- 
out leucocytosis a considerable proportion of the leucocytes may be of 
the eosinophile variety. Gabritschewsky, who called attention to this 
exoess of rosins in the blood corresponding to their increuse id the 
sputum of many asthmatic patients, found in 3 cases from 1 1 to 22 
percent of eosins, while Fisk reported 1 4.6 percent in one case, and 
Billings found as many as 53.6 pert'ent out of 8,300 cells- From the 
observations of Leyden, v. Noorden, and especially of Schwerschew- 
ski, it has been shown that excess of eosins in the blond uf asthmatics 
occurs principally or only at the time of the paroxysm, that they in- 
crease with repeated attacks, diminish shortly after the paroxysm and 
with the appeanince of expectoration, and in the intervals largely dis- 
appear. Since there is no such tendency to eosinophilia to tlte suffooa- 
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tive attacks of endocanjitis, nor in the severe dyspnea of Bright'e dis- 
ease, the examination of the blood may serve to distinguish bronchial 
asthma from other forms of dyspnea, and may perhaps indicate the ap- 
proach of a paroxysm, Teichmiiller and Fuchs, however, find many 
cosioophilo cells in other forms of bronchitis. 

Bronchitis. — Acute catarrhal broacMtia of ordinary severity and af- 
fecting the larger bronchi only, has little effect upon the red cells and 
seldom raises the number of leucocytes. In some severe cases the 
writer has found as many as 15,000 white cells, when the patient's 
temperature was 104°, In some of Cabot's cases the leucocytosis was 
slightly higher. 

Capillary bronchitis, with high temperature and marked prostration, 
may strongly resemble lobar pneumonia in clinical features, and like 
pneumonia, is accompanied by marked leucocytosis. In three fatal 
cjises with high temperature, dyspnea, and cyanosis, the writer found 
18,000-37,000 leucocytes. At autopsy there were signs of severe 
general bronchitis, no consolidation, but well-marked chronic nephri- 
tis. In two cases without autopsy, Cabot found as high as 41,000 
lencocytes. 

DISEASES 07 TEE HEART. 

The majority of observations on the blood of chronic endocarditis 
have shown more or less continuous polycythemia and concentration 
of the blood. The mure important of these studies have been con- 
tributed by Nasse, Nauuyn, Toenissen, Bamberger, Lichthcim, and 
Reinert,' who have referred this concentration to stasis from local 
vasomotor or geueral cardiac paresis, to transudulion of serum, or 
(Nftunyn) to a physiological effort on Nature's part to furnish more 
oxygen by increasing tlie cells and Hb of the blood. 

The opposite condition, of hydremia, has been found more usual or 
regarded as more important, by Lei ch ten stern, Oertel, Oppenheimer, 
Stintzing and Gumprecht, and many others, who hold that an excess 
of lymph from various sources passes into the vessels as a result of 
lowered blood pressure. Schneider and Limbeck find that irhile mitrat 
leidons are usually associafetl with pohjvyOifmla, aortic Insiifficimcy more 
often Irads to hydremia. 

All observers are agreed that the valvular lesion and the usual 
causes leading to it exert little or no effect upon the blood, and while 
differing as to their significance all admit that the changes in the blood 
vary considerably at different periods of the disease. 

The conflicting views have been carefully studied and partially uni- 
fied by Grawitz, who finds that the blood shows three different stales, 
according to the stage of the disease, and determined chiefly by the de- 
gree of compensation established in the heart. 

1 . When valvular lesions are fully compensated by cardiac hyper- 
trophy, and when there are few or no symptoms of disease of this or 
other organs, the state of the blood depends entirely on the constitu- 
tion and state of nutrition of the individual. 
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'2. When disturbances of compensation begin, when the hen 
fails, and tlie pulse is accelerated, and dyspnea and its train of symp- 
toias appear, changes occur in the blood which are clearly referable 
to the (limiDislied force of the heart. 

The whole bloixl loses in specific gravity and in dry residue, while 
ita content uf water increases, and these changes are more marked io 
the veins than in the superficial capillaries. The red cells are reduced 
in number but tliey auSer no clianges in size or in Hb-content. The 
leucocytes show no characteristic changes. The blood serum shows the 
most marked changes, always becoming more watery. These altent- 
tione Grawitz refers solely to the lowered blood presaure, which is fol- 
lowed by dilatation of capillaries and passage of tissue fluids into the 
blood stream. Oliguria may result from the same factors but is not 
the cause of the hydremia. 

3, When chronic venous stasis is established and dyspnea, cynnoais, 
ftnd edema exist, the changes in the blood are more comphcated. 

Under these circumstances the blood loses water, becomes richer tn 
red cells, and more so in the capillaries than in the veins. These ef- 
fects Grawitz believes to result from transudation of fluids through the 
capillaries into the tissues, but increased exhalation from the congest^ 
lunge, and possibly also increased evaporation from the skin, contrib- 
ute to the same result. When the balance of pressure between oapil- 
lariee and tissues has been adjusted, any added failure of the heart may 
be followed by still lower pressure and temporary hydremia. 

Orawitz's deductions have appeared to most critics to be only partuUly 
valid. In the first stage it is generally agreed that the hlood is usually nor- 
mal, and it is also fully demonstrated that a fall of blood pressure leads to 
relative hydremia, but bis explanation of the origin of liie polycyth^caia 
of chronic endocarditis has not proven l\illy satisfactory. As Limbedc 
points out, many patients always show some reduction of red cells whetfaer 
oompeneation is complete or not ; while others show considerable variations 
in rod cells without apparent relation to the action of the heart, or the pres- 
ence or absence of edema, or the activity of the kidneys. Limbeck, ther«- 
fore, attributes less importance to the interchange of fluida between tfa« 
blood and tissues, and bclieveti that the polycythemia of heart '^inmnn it 
partly referable to the same obscure factors which increase the red cells ta 
high altitudes. That there is an actual new formation of red cells in tb* 
polycythemia of endocarditis is held by Marie, Reinert,' and others. 

Without euteriug further into the details of individual opinioaa, it 
sppears certain from the studies already cited and from others oontrib- 
Dt^d by Siegl, Peiper,' Schmaltz, Banholzer, Maxon, Stintzitig and 
Gumprecht, that : 

1. In advanced endocarditis with failing compensation, there ia K 
distinct tendency toward ooncentrution of the blood, which at timeA in- 
creases the red celts to 8 millions or more. 

'2. This polycythemia is the combined result of venous staaia, djsp- 
nea and cyanosis, transudation of blood serum, and possibly also of 
Other obscure factors which lead to polycythemia in high altitudes. 

:^. The state of the blood in chronic endocarditis responds to a 
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limited extent^ but not invariably to diuretics^ diaphoretics^ purges^ and 
heart tonics. 

4. The constant tendency toward anemia is usually masked by the 
peculiar condition of the circulation. 

0. The result of the examination of the blood must be interpreted 
only with strict regard to the general condition of the patient. 

Basalts of Blood Examinations in Ohronic Endocarditis. — The forego- 
ing statements are fully borne out by a review of the reported exami- 
nations of the blood in endocarditis. In some series of cases the 
polycythemia is very uniform, as found especially by Oppenheimer and 
Reinert, while the Hb commonly runs from 90-110 percent. Usually 
the red cells do not exceed 6 millions, but some cases with cyanosis 
reach 7 or even 8 millions. On the other hand a slight reduction of 
cells, not below 4 millions, appears in most cases reported by other 
observers. Maxon's statement that the blood of heart disease com- 
monly shows slight variations above or below the normal in red cells, 
specific gravity, and albumens, is the only rule of general application. 

That aortic insufficiency is usually found with less concentrated 
blood is also apparent in nearly all comparative studies. (Schneider, 
Grawitz, Limbeck, Menicanti, Reinert, Hayem, Sadler.) Yet even 
here the red cells seldom fall below 4 millions. 

Variations from the above rules are not unknown, as some cases 
with cyanosis have shown less than 4 million red cells, and aortic in- 
sufficiency may lead to polycythemia. Much depends upon the par- 
ticular circumstances surrounding each patient, which must always be 
regarded with care. 

The LEUCOCYTES in uncomplicated cases show no important varia- 
tions from the normal, but with concentrated blood they are apt to be 
rather above the average normal figures. During the febrile periods 
which mark the terminal stages of many cases, leucocytosis of con- 
siderable grade is usual. The complications of endocarditis which 
cause leucocytosis are numerous, and ante-mortem leucocytosis is 
usually prolonged and pronounced. 

Blalignant Endocarditis. — The more acute cases of bacterial endo- 
carditis furnish some of the most typical examples of septicemia, in 
which the blood shows rapid loss of cells, albumens, and Hb, leucocy- 
tosis, and very often bacteria in demonstrable numbers. 

The anemia of malignant endocarditis is of rapid progress and 
usually becomes one of the characteristic features of the disease. Be- 
ginning in patients with practically normal blood, the septic process 
often reduces the red cells within two to three weeks to 3.6 or 3 mil- 
lions, or even lower. In some cases, usually those of longer duration, 
the anemia is less marked (over 4 million cells), or is masked by the 
febrile process and by venous stasis. In all the markedly septic cases, 
however, the anemia becomes severe. In the later stages of severe 
cases the evidences of destruction of red cells become marked, the Hb 
is very deficient and may become dissolved in the plasma, shadow cor- 
puscles appear in the fresh specimen, and various forms of degeneration 
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of red cells are demonstrable in the dry specimen. In su 

red cells may not number much over one million. After death the 

deposits of blood pigment in the viscera are very abuudant and closelv 

simulate those of pernicious malaria, for which they may readily l>e 

mistaken. 

Leucocytosis is present probably in all cases, but is often inter- 
mittent and single observations may fail to discover it. In this, ns in 
other forms of sepsis, there may be a tendency to slight leucocytosis 
with high proportion of polynuclear cells, and in genenil the increase 
of whit« cells is not very marked, considering the condition of the 
patient Roscber and Cabot report fatal cases with 8,000 and 8,900 
leucocytes shortly before death, while Krebs found ante-mortem leuco- 
cytosis of 44,200, and Grawitz roiwrted 168,000. 

Bacleriologieal rxamtnalion of the blood is oft#n required in the di- 
agnosis of obscure cases. From the rather limited number of recorded 
examinatious by reliable methods it appears that bacteria are always 
to be found in the blood in a certain group of cases of ulcerative endo- 
carditis. These cases include the examples of cryptogenic infection 
which run an acute septic course and end fatally within a few weeks 
or months. In the vases of ulcerative endocarditis which terminate 
with septic fever and in which an acute process is often added to the 
chronic lesion, cultures of the blood are usually negative, Grawitz' 
claim that repeated n^ative cultures are sufficient to rule out ulcerative 
endocarditis cannot, however, be admitted ; for the evidence rather 
favors Kuhnau's view that the difference Iwtween " simple " ulcerative 
and malignant endocarditis is one of degree, not of kind, and that i 
many cases of subacute or chronic ulcerative endocarditis of bscteri 
origin the blood is sterile. 

These groups of cases lire illustrated by the reports of several i 
tors. Orawitz^ examined 7 cases of suspected utcerativo endocarditis,! 
of which gave negative cultures but only one of which proved W hsvejl 
ulcerative leaion. Id three pronounced coses of maligDant endocarditis j| 
obtained in two Stapht/lococcut pyogtTtea aurevM, in one Dtplococeut larK 
Krausexaminedthe blood in Teases, finding the streptococcus in one, n 
cultures in sis. Petruschky, examining the blood from a wet cup, obtained 
the Streptoctxvua pyogmta in one, and a negative result in the other, of two 
cases. Kuhnau had only one positive result {Staphyloeoccut pyogenet aureuM) 
in 12 cases exumined. Cohn in 2 acute cases found in one both Slrqttococ- 
eut pyogenta and Staph ylococcut aureus, and in the other Slaphylocuccua cmrciH 
alone, while in two chronic coses the cultures were negative. Janies and 
Tnttle obtaineil positive cultures in 3 of 4 fatal cases, once Rnding the IMp- 
loeoecu* latteeotatut. White obtained negative results in two cases 3-4 days 
before death, but isolated Slaphyloooecaa pyogenet aureue f^om both just t>e- 
foru death. The writer, using 5-10 cc. of blood drawn from the median 
basilic vein, obtained pure cultures of StrepUjcocoie pyogenet in two typical 
cases of malignant endocarditis. These patients gave no history of cardiac 
disease until the development of a septic febrile process which MintinQ«d 
without intermission for l-G months, and until death. In four cases of 
chronic ulcerative endocarditis ending with septic fever cultures ofthv blood 
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culture from the circulating blood of cases of endocarditis by Thayer 
and Blumer, and Thayer and Lazear, and Halle. In all cases the 
blood was extremely anemic, red cells under 2 millions^ while the 
leucocytosis was slight, 12,000-14,000 in one case, and 8,500-18,000 
in the others. Many cases of gonorrheal septicemia collected by 
these authors indicate the frequency with which this germ is probably 
connected with endocardial lesions. 

Columbini, also, obtained the gonococcus in cultures of the circulating 
blood in a case of gonorrheal septicemia with endocarditis, and dem- 
onstrated its identity and pathogenic qualities in the human urethra. 

McCallura and Hastings report a case of acute endocarditis from 
which they obtained from the circulating blood cultures of a somewhat 
peculiar coccus resembling Streptococcus pyogenes. 

Significance of the Bacteriological Examination of the Blood in Endo* 
carditis. — 1. A positive result when obtained under proper precautions, 
and long enough before death to avoid ante-mortem secondary infec- 
tions, places beyond doubt the infectious nature of the process. 

2. A negative result does not indicate that the v^etations do not 
contain bacteria in their substance or on their surface. A large num- 
ber of negative bacteriological examinations of the blood have been 
recorded in cases showing, post-mortem, various bacteria in and on the 
inflamed heart valves. 

From personal experience of moderate extent the writer has drawn the 
impression that when malignant endocarditis follows the type of pure septi- 
cemia with cardiac symptoms in the background, bacteriological examina- 
tion of the blood is usually positive, but when cardiac symptoms are or have 
been prominent, bacteriological examination of the blood is usually negative. 

Oongenital Heart Disease. — The pronounced cyanosis from which 
most of these patients sufi*er leads to extreme degrees of concentration 
of the blood, as the following cases will show : 



AoUior. 

Krehl...~..^....~.VT. 

Vaquei* 

BannolEer. 

Gibson 

Carmichael 

Toenisson 

Cabot 



RedoelU. 


LeuooeTtct. 


Hb. 


SmiL 

8.9 

9.44 

8.47 

6.70 

8.10 

8.82 

7.64 

8.43 












160% 
110 
92 


12,000 
12,000 
16,000 



ao. 



1.071 



Townsend has recently reported 13 cases in which the red cells 
varied between 5.6 and 11.8 millions. 



DISEASES OF THE KIDNEY. 

The existence of marked hydremia in cases of nephritis was dem- 
onstrated in several earlier studies of the chemistry of the blood 
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daljees firat clearly show 



(cited by Gorup-Besanez), but Schmidt's 
the more exact nature of this hydremia. 

In three patients with albuminous urine and marked edema, he fouad 
considerable loss in specific gravity of the whole blood (1.043-1.051), and of 
the serum (1.018-1.024), while the red cells remained nearly normal in 
gravity (1.081-4) but were much reduced in bulk (34.2 from 44.9 percent). 
These chan)^ were believed to result largely fVom the loss of albumens of 
the serum, while the Hb of the red ceils and the salts of the plasma ware 
but slightly affected. Scherer's analysea in six cases demonstrated a de- 
crease in the solids of the whole blood, and a loss of S percent of the albn- 
mens, although the Sbrin was sometimes increased. The red cells were re- 
duced but their dry residue relatively increased. Although the serum was 
very wat«ry, the dry residue averaging 6.9 percent, the salU of the semm 
were increased. Very low gravity of the aerum, 1.019-1.023, was also noted 
by Becquerel and Rodicr. 

From numerous other analyses by Prerichs, Oorup-Besauez, Hinter- 
bcrgor, and others, it began to appear that the contpontion of Ihe blood varit* 
^ontiderabli/ in different tlageg of the diaeate, and later studies have shown 
that the two main clinical and pathological types of the disease, the chronic 
exudative and the chronic productive without exudatiou, are attended wilh 
distinct changes in the blood. 

1. Chronic Ezndative (Parenchymatous) Nephritis. — The albu- 
minuria and edema of thia gniup of cases are associated with weli- 
marked anemia, which, however, is subject to great variations on ac- 
count of the intermittent course of the disease and of the frequent 
disturbing effects of treatment. 

The usual condition of the blood is one of moderate chlorotic anemis. 
The majority of ca.«cs show between ^ and 5 miUioo red cells and 40- 
80 percent of Hb. The reported series of cases in the literature show 
wide variations in the condition of the blood. Considerable polycy- 
themia is not infrequently encountered. Leichtenstern and Sorenseo 
found little reduction of Hb and an average of 4.74 million red ooUs, 
while Laache and Reinert ' found a low Hb-percentage with slight 
loss of cells. These changes represent the condition most commonly 
found. Cases with less than 2 million cells are reported by Grawita, 
Sadler, Cabot, and are not rare. In these and occasionally in other 
cases the writer has sometimes found a high or increased Hb-iadez, 
and at autopsies in cases of pernicious anemia has several times foand 
the lesions of chronic productive nephritis with esudulion. 

These variations are well illustrated by Cabot's synopsis of 3d i 
from the Massachusetts General Hospital. 



6 TnlUisai.^ 



ulion. ^^^J 

lopsis of 3d <H|^^^| 



The attempt to analyze the causes of the variations of the anemia in 
«hronic nephritis is met with difficulties, and numerous factors mtut be 
considered. Polycythemia results from cyanosis, disturbance of cir- 
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culatioD, and rapid transudations, and each of these conditions may and 
frequently does obscure pronounced anemia. An astonishing degree 
of pallor of the face may thus be found with 5 million red cells and 
100 percent of Hb. The progressive anemia of the average case is 
clearly referable to the loss of albumens of the serum and general 
malnutrition. Yet the real advance of the anemia is often disturbed 
by the intermittent losses of albumen and attacks of edema. While 
Benczur and Czatary, and v. Jaksch ^ believe that the hydremia is not 
proportionate to the edema, yet Bogdanow, and Stintzing and Gum- 
precht have shown a positive connection between hydremia and edema, 
and have noted an improvement in the blood following improvement 
in general symptoms. 

The relatively high Hb-index is apparently the natural result of a 
loss of albumen which affects principally the serum. The gravity of 
the red cells has been found uniformly high by most analysts since 
the time of Scherer. 

Grave or pemidoua anemia develops in a small proportion of cases 
of chronic parenchymatous nephritis, and appears at times to result 
directly from nephritis. It must be referred to the repeated losses of 
albumen from the blood and to the general disturbance of nutrition, but 
it is probable that the very severe grades of anemia result from the 
combined effects of lesions in seversd viscera, including chronic gas- 
tritis, cirrhosis of liver, arteriosclerosis, etc. 

Ohemistry. — Chemical analysis gives the clearest insight into the 
changes in the blood of nephritis. The specific gravity is regularly 
reduced. Peiper^ found a gravity of 1.026 in a very anemic child, 
but aftier marked improvement four weeks later, the gravity was 1.066. 
Similar variations, usually between these limits, are reported by various 
observers. The changes in the serum demonstrated by the older ob- 
servers have been verified by many later studies. The gravity of 
the serum is much reduced (as low as 1.013, Bostock), and its volume 
remains high. While considerable relation has been found to exist 
between the changes in the blood and the albuminuria and edema 
(Stintzing, Gumprecht, Bogdanow), the immediate effects of transudates 
and albuminuria are not always evident, (v. Jaksch.) Hammar- 
schlag, who found the gravity of the serum between 1.018 and 1.030, 
concluded that edema has more effect upon the gravity of the serum than 
has albuminuria ; and that when edema is absent the gravity of the 
serum is usually about normal. 

The leucocytes in chronic nephritis are usually normal or subnormal 
in number. Cabot found no leucocytosis in 31 of 40 unclassified cases, 
while in 14 of 19 uremic cases there was leucocytosis, reaching 44,- 
000 in one eclamptic patient. Other reports show similar variations, 
and it is evident that the behavior of the leucocytes in chronic 
nephritis depends upon accidental conditions and complications. 

Ohronic Interstitial Nephritis. (Oontracted Kidney.^ — The ab- 
sence of edema and marked albuminuria in cases of chronic nephritis 
without exudation allows the blood to remain practically nonDsl, a^ 
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least during the latent progress of the dise&se. Many patieots an 
carried off" by acute uremia and other terminations of interstitial iir- 
pbritis before the blood is markedly altered. If at any time in ihe 
progress of the diseaise there are exacerbations marked by exudstion, 
albuminuria, and edema, the bltxid suCTers for a time as in chronic ne- 
phritis of more distinctly exudative type. After tbe exudative periiid 
the blood ia partially restored, but a certain grade of chlorotic uDemis 
is apt to persist. 

That chronic nephritis may run its course without ^ving notable chanicM 
in the btooi), or indeed any other pronounced symptoms, is a well attcsU'd 
bet, of which the writer has seen at autopsy at least one tQHtnnce. Thb 
subject was an able-budied policeman dying of acute colitis, whuse kidneys 
were shninken to an extreme degree. The blood and urine wer« noRDml 
shortly before death. 

On the other hand, very severe grades of anemia, usually of micro- 
cytic type, are sometimes associated with chronic diffuse nephritis with- 
out exudation. Si>me of these cases are partly referable to lead poi- 
soning, which has initiated the renal lesion and damaged the blood. 
Id others, there is advanced arterin- sclerosis with frequent bemorrbaga 
from the nose, kidneys, or other regions. In still others no reason- 
able explanation of the anemia is to be found. 

OrawitK recognizes two sUkgee in this disease, one in which the heart and 
circnIatioD, and the blood, are normal and a gecond in which compenaatiOB 
bils in the hypertropbied heart and the blood sutlers the same changes as in 
uncompensated valvular disease. The importance of the condition of the 
heart in determining the blood changes in nephritis is very great and baa 
already been considered in tbe references to edema and cyauosis, but lUItuv 
of tbe left ventricle vrith feeble pulse is more common with tbe large wbiu 
than with the small contracted kidneys. The writer Is, therefore, unable to 
recognize the above stages in the course of the controcted kidney, finding 
them more evident in the ca^^s of chronic difliise nephritis with exudalioD, 
and in patients with albuminuria and edema. 

Acute Nephritla. — The changes in the blood in acute nephritis with 
albuminuria and edema resemble those of the same type of chronic 
nephritis. Peiper found no diminution in specific gravity in »n acute 
case. Laachc and Bogdanow observed more rapid, severe, and more 
variable chauges in the acute than in the chronic cases, while v. 
Jakech concludctl that in both forms the changes were about equally 
variable. Hayem found no considerable loss of red cells except ia 
hemorrhagic ea«es. Many other isolated reports show nil but ibe very 
severe grades of anemia developing within a few weeks, Bometimra 
very rapidly. 

Leucocj-tosis (maximum 22,000) has been observed in a ooDsiderable 
proportion of cases by Hayem, Sadler, and Cabot, the tatter author re- 
ferring the persistent increase to loss of blood by the kidney. 

None of these obsen'ers ha« attempted to connect the l>ehavior of tbe 
leucocytes with the character of tbe lesion in Ihe kidneys. It would i 
that the productive inflammation could run a fatal course without len( 
that simple acute exudative nephritis might be aceoupanfatd 1 





DISEASES OF THE KIDNEY. 365 

moderate increase of white cells, and that acute idiopathic or secondary 
purulent nephritis must nearly always be accompanied by marked leucocy- 
tosis. Unfortunately there are no reports at hand on which to base these 
conclusions. Profuse hemorrhage, uremic attacks, and complicating iufec- 
tions, may be responsible for occasional leucocytosis, but Sadler's negative 
cases show that much albumen, many granular casts, and blood cells, may be 
present in the urine when the leucocytes in the blood are not increased. 

Uremia. Ohemistry. — Very numerous chemical analyses of the 
blood in uremia have failed as yet to demonstrate the true nature of 
this intoxication. Urea in the blood was believed by Frerichs to be 
the particular toxic agent in uremia, and although this principle has 
been demonstrated in abnormal quantities in the blood of uremic coma 
by Spiegelberg, Hoppe-Seyler, Bartels, and others, it was shown by 
Landois that intravenous injections or local applications to the medulla 
of large quantities of urea exert no toxic influence. Neither has its de- 
rivative, ammonium carbonate, been found in the blood, nor shown to 
exert a toxic influence on the nervous system (Kuhne, Strauch). Kre- 
ATININ, believed by Schottin and Perls to be the active agent, has like- 
wise been set aside although this substance is increased in the blood 
of uremic subjects. Potassium has been found in considerable excess' 
in the blood by Feltz and Ritter, and by Astaschewsky, who regard 
uremia as a form of potassium poisoning. Although Sneyers and Hor- 
baczewsky failed to find an excess of potash salts in eclamptic and 
uremic subjects, this theory has received more recent support frow 
Bouchard, Roger, Rovighi, and others, who offfer evidence to shom 
that potassium is one of several poisonous substances which accumu- 
late in the blood in uremia. Limbeck has shown, however, that while 
an excess of potash can be obtained from the blood of uremic dogs, 
he could get no such excess if the blood was examined before death. 

Diminished alkalescence was first noted in uremic blood by v. 
Jaksch,^ and subsequently by Peiper,' Rumpf, Mya and Tassinari, 
Limbeck, and others, who have shown that the alkalescence diminishes 
greatly on the approach of uremic symptoms. The attempt to estab- 
lish this theory of acid intoxication has, however, not been successful. 
Although uric acid may be in excess in uremia, it is also quite as much 
increased in many other conditions. Fatty acids, and phosphoric acids 
were not found in excess by Limbeck, who indeed was unable to de- 
monstrate a deficiency of CO, in all cases of experimental uremia. 
Diminished alkalescence appears more probably to be only a secondary 
condition of the blood in uremia. 

The present tendency is to regard the uremic seizure as the result of 
toxic action of a variety of nitrogenous metabolic products which are 
sup[>oscd to be retained in the system or at times thrown off in excess 
in the urine. Bouchard and others have isolated from the urine a 
variety of toxic principles, including ptomaines and urotoxines, some of 
which produce convulsions, others are narcotic, while still others lower 
temperature, contract the pupil, or produce salivation. Although the 
actual existence of these principles has been denied (Stadthagen), and 
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the iiriiiG has not always been found so toxic ae Bouchard claims it i 
be (Fleischer), the autotosic theorj- is generally regarded ae approach- 
ing most nearly to the true explanation of uremia. One of the chief 
objections to it consists in the fact that uremic attacks freqaently a 
at periods when llie excretion of urine is much improved. 
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The impressioa obtained by individual observers of the etfeet of 
carcinoma upon the blood bas largely depended upon the class of caees 
encountered. 

In active hospital wards the cases are usually advanced, cachexia is 
distinct, and routine examination of the blood shows as a rule, marked 
reduction of red cells, low Hb-index, and moderate but distinct lettoo- 
cytosis. In dispensaries the earlier stages of the disease are eacoun- 
tered, cachexia and palpable tumors are not always noted, many teot^ 
tive diagnoses stand with positive coses, and the blood vcryoflteo bik 
to show any pronounced alteration. 

In a considerable group of cases the progress of the usual anemia is 
interrupted, however, for unknown reaaona, and while tlie ^tatieot 
emaciates, the blood appears to maintain its standard. Humpeln, 
Neubert, Dehio, and others, therefore speak of an an«mic, and a 
marantic type of carcinoma. Neubert's cases, 5 esophageal and 4 
gastric, were especially adapted to illustrate the differences, but botfa 
types may occasionally be seen in other forms of the disease, e. g,, can- 
cer of uterus. 

Many careful ahtdUa have shown thai in the earlier recogniiabte ataget 
of the disease, and in somewhat more advanced phases of visible groielJtM, 
Qte blood remains practiwd/t/ normal. Few published scries, how- 
ever, show so large a proportion of cases with red cells al>ove 4 
millions as does Cabot's, in which 34 of 72 cases of carcinoma of 
stomach gave over 4 million, and 19 over 5 million red celln. Ytt 
this series may well serve to emphasize the fact that carcinoma oom- 
mouly exists in otherwise healthy subjects, and for a time f^s lo rvduoe 
the number of red cells. The significance of a normal red cell oount b 
of course limited by the fact that in many situations the growth t«nd« 
to retard the ingestion and absorption of fluids and thus tocimcentntr 
the blood. Yet in some instances the malignant growth, like tubcrco- 
loeis, appears to exert some ii\}»auvc fanceiUralinff infiuence on the blood, 
and even at death, although the lx>dy is emaciated, the blood may be 
unusually deep red. 
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immunity of the blood against the effects of a bleeding uterine carcinoma, 
concluded that there is an individual inatue^tibilUy to the effects of malignant 
tumors. 

It is, nevertheless, true that in the majority of oarcinomaia the appear- 
ance of cachexia is accompanied by a corresponding oUgooythemia, 
Cancers of the stomach are among the more active in reducing red 
cells, and some of them, even while remaining of* small size, lead to 
the changes of pernicious anemia. Grawitz counted only 500,000 red 
cells in one extreme case of gastric cancer. Of complications, hemor- 
rhage and ulcerations usually affect the red cells promptly. Rapid 
growth and numerous metastases also have a similar tendency but prob- 
ably less marked. 

Morphologically, the red cells in carcinoma, while presenting the 
usual degenerative changes of secondary anemia, do not show any 
special peculiarities. The usual changes are those of well-marked 
chlorotic anemia with considerable deficiency of Hb, but with mod- 
erate changes in size and shape. Grawitz found granular d^eneration 
of many cells in 10 cases of cancer of the stomach or esophagus, but 
none in two cases of uterine cancer. The writer finds that in those 
cases in which the appearance of the blood su^ests pernicious anemia, 
the deficiency of Hb, even in the majority of me^ocytes, is nearly 
always quite distinct. 

Mouisset has already called attention to this fact, finding the Hb-index 
in these cases to be quite as low as in chlorosis. In a case of Daland's, the 
hematocrit gave rather fewer red cells than the hematocytometer, but in per- 
nicious anemia the volume of the red cells is usually much above normaL 
(Cf. Moraczewsky.) 

Nucleated red cells are commonly seen when the anemia is severe^ 
and in some cases of gastric cancer they may be extremely abundant. 
Usually these cells are of normal size, but megalocytes appear in the 
severest cases. It has been suggest^ that the predilection for the 
bone marrow as the seat of metastases is responsible for the laige num- 
ber of nucleated red cells seen with many advanced carcinomata. 
(Epstein.) They are sometimes seen, however, in the early stages of 
the growth and when anemia is slight. 

The Hemoglobin begins to suffer much earlier than the number of 
red cells. The writer has never seen an uncomplicated visceral carci- 
noma, positively identified, which had failed to reduce the percentage of 
Hb and, barring clear cases of polycythemia, can find none fully re- 
ported in the literature. Fully normal Hb appears to be a very re- 
liable negative indication against carcinoma at any stage. There are 
however reports of 90-100 percent of Hb in cases with increased 
numbers of red cells, and the loss is doubtless slight during the early 
stages of most cases. Usually a malignant epithelial tumor rather 
promptly reduces the Hb, so that during the greater part of its prog- 
ress the Hb is below 75 percent. In Bierfreund's and Reinbach's 
series of 57 surgical cases, it varied between 18 and 80 percent, while 
few roistered over 70 peroenty and in oomparison with benign tumors 
24 
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tbe Hb in cancer was distinctly lower. After operation the re&lof 
tion of tlie Hb required about a week longer wilh malignant than with 
benign tumors, and the reatoration was never quite complete. With 
internal visceral carcinomata the Hb has usually been founti even 
lower, but there are numerous exceptions to this rule, usually de- 
pending OD the site of the tumor, 

A rather uniformly low percentage of Hb in ^isciTttl carcioointLta was found 
by Laker, £ichhorBi,Haber1i!in, Laache, Dehio, Lcichtonstorn, Mom<.'zew»ky. 
and others, while Sailt^r's and Taylor's series of 21 casea gave tho unusually 
low average of 25 percent. Osterepey's and Cabot's cases were somcwhnl 
higher, often approaching the normal. I'et Babcrlin concluded that, in ft<»o- 
tia of the pylorus, cancer is contradicted if the Hb is over 60 percent. 

The Hb-index is uniformly low. In some cases it has approached 
that of chlorosis, and although it is usually somewhat higher, carci- 
noma oSers a closer resemblance to chlorosis in this respect than almost 
any other cause of secondary anemia. As the disease progresses the 
anemia itself Irecomes more severe, and when chronic cachexia has been 
long established the blood shows Ihe characters of secondary peraicions 
anemia, mth variations in the si?^ of the cells and increasing Hb-indrx. 
Yet with rare exceptions the relatively great loss of Hb remains char- 
acteristic. 

Ldchtenstem ' long since called alt«ution to a rapid increane of Hb, to 
100 percent or more, seen in some cases of gastric cancer shortly before d«&tli, 
and to the tarry appearance of the blood at autopsy. Fatrigeon, in a gastric 
case, found the red cells normal nine days before death. The writer has ob- 
•erved this condition in patients who had failed to take any food and little 
drink for some days before dcalh. 

Special Factors in the Anemia of Oarcmoma. — The special odd- 
ditious leading to severe anemia are niiniemus, and some are obecure. 
ITfmnrrhn^e ami ulcrralion are among the frequent complications recog- 
nized as rapidly impoverishing the blood, but occasional escape fron 
their natural effects has been recorded. The site of the tumor nay 
be such as to interfere with nutrition, as do some gastric carciQomalm. 
A previous condition of anemia may exist before the development of 
the cancer, as when a round ulcer of the stomach becomes midigttaBt. 
Rapidly forming and NrMKimus .viETAhTASEs are usually associ- 
ated with severe and progressive acemia, but there are numerous ex- 
ceptions to this rule, some emaciated subjects showing a tendency to 
ooncentration of the blood. In two cases with extensive bone meta- 
stasis the writer found only moderate anemia and but few ducIccumI 
red twlls. Individual idiosyncrasy appears to influence the oour»« of 
the cachexia both favorably and unfavorably. The histological char- 
acter of the tumor appears to have no relation to the anemia except in 
BO far as the stnictural type favors hemorrhage or ulceration. The 
CHRONIC TOXEMIA of carcinoma may apparently affect the blood iu m 
variety of ways. Muller offers evidence to show that the blood of 
cancerous patients contains toxic principles which destroy albtu 
and diminish alkalescence. Grawitz injected the alcoholic e 
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a cancerous tumor into rabbits, and finding a considerable loss of 
gravity and drj residue, concluded that the toxines of carcinoma tend 
to dilute the blood by inducing excessive flow of lymph. 

Maragliano has demonstrated an increased globulieidcU activity of the 
serum in carcinoma. 

The Leucocjrtes. — Leucocytosis in carcinoma was very early recog- 
nized as a nearly constant condition, having been observed post-mortem 
by Andral, in 1823, and in the living blood by Lucke, and by Virchow, 
about 1867. The white cells were long regarded as derivatives of the 
tumor, an error which was slowly relinquished when leucocytes were 
submitted to more careful classification by Schultze. 

That the carcinomatous process has in itself any capacity to draw 
leucocytes to the blood may still be doubted, although the edges of the 
tumor are always inflamed and adjacent lymph nodes invariably show 
inflammatory hyperplasia before metastasis. In tumors of ordinary 
size and character this inflammatory process is usually too limited to 
affect the leucocytes, but with very large growths, as in the liver, lung, 
uterus, etc., the frequency of leucocytosis without complications, indi- 
cates that a large actively growing tumor, merely through its local 
irritation, may induce leucocytosis. Thus Hayem saw a leucocytosis 
of 21,700 disappear after the removal of a scirrhus of the breast, only 
to return again with the recurrence of the tumor. Hayem believes 
that recurrences may be predicted by the appearance of a gradually 
increasing leucocytosis. On the other hand, advanced cachexia may 
exist with hypoleuoocytosis. (Sailer, Taylor.) Rapid growth is much 
more effective in raising the number of leucocytes, probably by excit- 
ing more active local reaction, and by more sudden disturbance of 
function in the part affected. 

Superficial ulceration, or other inflammatory complications, are the 
usual causes of well-marked leucocytosis with carcinoma. Hemorrhages 
usually accompany ulceration, and add distinctly to the excess of leu- 
cocytes commonly seen in bleeding and ulcerating tumors. 

The t3rp6 of the tumor has a distinct relation to leucocytosis, which, 
however, cannot always be traced. The cellular carcinomata tend to 
irritate, ulcerate, soflen, and bleed, while fibrous tumors are of slow 
growth, and non-vascular. The writer has observed two very large 
gelatinous carcinomata of the peritoneum without leucocytosis. The 
difiiise cancers of the stomach regularly excite less increase of leucocytes 
than does the adenomatous type. 

The situation of the tumor often determines the frequency of leucocy- 
tosis, from special liability to ulceration or bleeding. Many cancers 
of the stomach and uterus illustrate this rule. Epithelioma of the 
esophagus rarely induces leucocytosis unless there is extreme ulcera- 
tion and extension. 

Unusually high leucocytoses are reported in a case of carcinoma of thyroid, 
by Hayem, and in cases of unidentified tumors of the kidney, by Cabot, and 
in several cases of gastric cancer, (q. v.) 

Leijcogttobis in Cancks of the Bsbast. — ^Alexander found an average 
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of 11, 400 leucocytes, and variatioaa between 2,S60 and 21,700, ltil4etMBof 
ecirrhus. In three oases of alveolar carcinoma with extensive metaataaU tiw 
leucocytes numbered 10,075, 11,G25, and 12,400. Hayem (p. 947) found * 
distinct reduction of leucocytes following 4 opetutiona for ecurhus. 



It will be seeo that the leucocytosia of carotnoma is referable I&rgelv 
to com plications, and these complications are such as appear verjr con- 
stantly in rapid or advanced cases. These conclusions accord with 
the general experience that most cases of well-established oaroiDoma 
are accompanied by lencocvtosis. The great variety of theae compli- 
cations render it nowise U> draw any narrow diagnostic conclusiona 
from the prenence or absence of leucocytosie. 

The vajleties of leucocytes in the blood in carcinoma are found in 
much the Hame proportions as in other forms of cachectic leucocytosis. 
With marked leucocytosis the polyniiclear cells usually form a hjgh 
percentage, 77-89 percent (Reinbach), 74—96 percent (Cabot), Yet 
in a case of the pernicious anemic type of gastric cancer Sailer and 
Taylor reported 45,000 leucocytes, of which 46 percent were moD<^ 
nuclear, and these authors found the large mononuclear cells to regu- 
larly exceed the small lymphocytes. Unusually high leucocytoses have 
been reported in the anemic type of gastric cancer by several other ob- 
servers, some instances of which apparently represent ante-mortem leu- 
cocytosis, while in others the excess was noted long before death. 
Eisenlohr, Mayer, and Lebert reported a ratio of one white to fifty red 
cells; Potain, 1-48; Welch, 1-20. 

Braun Iios described a case of cancer of prostate with pernicious 
anemia (1 million red cells, 10,700 leucocytes) in which the majority 
nf while cells were lymphocytes, but a few eosinophile myelocytes were 
present. Eosins usually persist in low normal proportions, from 1.3, 
1.5, to 2 percent. {Calxit, Sailer, Taylor, Reinbach.) 

Myelocytes are found in a large proportion of cachectic cases, atid 
sometimes In considerable numbers. They are most abundant in tbe 
ante-mortem leucocytoses, when the excess of various forms of leooiK 
cytes, with normoblasts and anemic red cells, may suggest leukemia. 
^ler and Taylor found 9..'i jwrcent of these colls in a very anemic flaaa. 
leucocytes holding fragments of red cells or showing various tlegvo- 
erative changes are described by Hayem and Escherich. 

Specific Gravity. — ^Tbe specific gravity of the blood in well estab- 
lished (^rcinomatous cachexia is remarkably tow. This fact is illoa- 
trnted in Dicballa's series in which cases of gastric cancer with 1} to 3 
million cells show the same gravity, 1.0.10-1.0.^2, as ca^s of jtemicioiu 
anemia with only .5 to 1 million cells. Peiper also found very low 
gravity in 4 advanced cases, while the lowest reports are those nf 
Moraciewsky, 1.012 and 1.016. While Hammareclilag obtained nearly 
nornuU gravity for the serum in these cases, Grawitz, Straiier, and v. 
Jaksch found exceptionally low percentages of dry residue and albu- 
men, indicating that in carcinoma the allnimena of the serum suffer ia 
a peculiar decree. Biemncki located the marked loss of albumen* 
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principally in the red cells, but concluded that the iron is not always 
markedly diminished. 

In the less advanced cases of carcinoma the gravity of the blood 
does not differ from that of other secondary anemias. (Devoto^ 
Schmaltz, Scholkoff, Hammarschlag, Stintzing, Gumprecht.) 

The aUcalescence of the blood has been found considerably dimin- 
ished, as in other forms of secondary anemia. Klemperer and v. Lim- 
beck, Peiper and Rumpf, and Moraczewsky, using different methods, 
found very low grades of alkalescence in advanced cases, v. Noorden 
refers this change to the liberation of sulphuric, phosphoric, acetic, 
and oxybutyric acids, from the destruction of albumens. 

An excess of sugar was found by Freund in a series of cases, and 
while Trinkler confirmed these results, Matrai had previously shown 
that it is neither constant in, nor peculiar to, carcinoma. 

A peculiar form of coma, described by v. Jaksch ^ and others, some- 
times terminates the course of gastric cancer, and has been referred by 
Senator to an obscure toxemia resulting from disturbed metabolism. 
Herter's demonstration of a great excess of bases over acids, and a great 
diminution of ammonia, in the urine in chronic gastritis, strongly indi- 
cates that an acid intoxication exists in these cases, as in diabetic coma. 
(See Chronic (Gastritis.) 

8AB00MA. 

The early changes in the blood in sarcoma closely resemble those of 
carcinoma, but some comparison of details will be of interest. 

Bed Cells. — The usual variations in the progress of anemia are to 
be observed, including the absence of oligocythemia, or even the pres- 
ence of polycythemia in the early stages (Alexander, Reinbacb, Cabot)| 
and very slow or very rapid impoverishment of the blood according to 
the rate of growth and character of the complications. 

In the cases recorded by Hayem, Alexander, Laker, Limbeck, Sad- 
ler^ Rieder, Reinbach, Bierfreund, Cabot, it is impossible to find any 
uniform difference in the grade of anemia from that observed with car- 
cinoma, and this conclusion accords with the writer's experience. 
Reinbach, however, finding only 4 normal blood specimens in 20 cases 
of sarcoma, and 6 among 16 cases of carcinoma, concluded that the 
anemia of sarcoma is usually greater than in carcinoma. 

There are also some pathological grounds on which Reinbach's con- 
clusions may be supported, in the special relation of sarcomatous 
growths to blood vessels and marrow, their greater tendency to hem- 
orrhage and d^eneration, and their more frequent association witli 
febrile processes, leuoocytosis, or even leukemia. 

The lowest number of red cells observed appears to be that recorded 
by Hayem at 663,400, while Rieder found only 6 percent of Hb (?) 
in a dying subject. Limbeck says that normal blood is more fre- 
quently found with early saroomata than with early carcinomata, while 
Reinbach has never seen in early carcinoma the extreme alterations of 
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the blood which he referred to an early Barooma, Alexander reports 
an esteDsive osteosarcoma of sternum and vertebrffi with over 6 mil- 
lion red and 5^,000 white cells, and in his and other series of oeteo- 
s&rcoma the average anemia is nut extensive. In Cabot's 16 cases the 
average of red cells waa 4.4 millions, with extremes between 2.6 and 
6.2 millions. 

Nucleated red cells are rather less common than in carcinoma. The 
changes of progremive pfntU-ttnut aneiala were i>reseot in the blood in 
oases of osteosarcoma reported by Grawitz, Ehrlich, Mosler and Gast, 
Fede, and Haiisler. 

Leucocytes. — The relatively greater frequency and exlcnl of Ittuoo- 
cyto^is in sarcoma appears to be the most striking difference in Um 
blood between the two groups of malignant tumors. Tlie great ni^r< 
ity of sarcomata when first observed have shown a distinct leucocytosa, 
which moreover tends to persist and often to Increase, with the advance 
of the tumor, till at death the upper limits of inflammatory leucocytosig 
are frequently reached. Martin and Malthewson have desoriltect leu- 
oocytosid of this extreme type and pointed out some of the difScultiea 
in diagnosis which may result therefrom. 

Indeed, there are several recorded instauces in which the lymphocy- 
tosis of sarcoma ffmhiated in lymphaiii: l^tkania,. The writer observed 
such a case in 1899, and others have been reported by Palma, Sadler, 
and Strauss. 

Falma's and Sadler's cases were rouud -celled sarcomata. In the writer'* 
ease various parts of the tumor and its metastases showed gradationa be- 
tween round and large spin die -eel led ttarcoma. The recorded tnuiafortna- 
tiong of paeu do -leukemia into leukemia are doubtless of similar significaoce. 
(Fleischer, Penzoldl, v. Jalcsch,' Westphal, Moaler, Senator.) 

The types of leucocytes show greater variety in sarcoma than in car- 
oinonia. The majority of leiicocytoses being of inflammatory origin, an 
excess of polynuclear cells is the rule, and even with a normal number 
the proportion of these cells may be excessive. LYMPHOcrrtJSB, 
though not relatively frequent with sarcomata, has at times reached 
the grade of lymphatic leukemia, as in the coses mentioned. la lyn* 
phosarcoma, as in pseudo-leukemia, the lymphocj'tes are not usatSij 
excessive, and in many cases are very scanty. Eos i No PHI LI A bM 
been regarded by Neusser as one of the di^nostic signs of sarooma of 
bone marrow. A marked and persistent excess of these cells, 48 pei^ 
cunt, was found in one of Reinbach's cases of lymphosarcoma ooni[dt- 
cated by phthisis, and bone metastases were found at autopsy. Tbns 
other cases, without autopsy, showed from 8 to 1 2 percent of eosioa, bot 
these cells were normal In most of his cases, and absent in five. 

There seems to be some diflference In the extent of leucocytosis ob- 
served in various types of sarcoma. In 16 cases of osteosarcoma col- 
lected by Cal»t from several authors, the average was 17,000, iu VI 
lymph osarcomata 20,000, and in 7 melanotic sarooraatJi 25,10O. With- 
out further details than the reports of these cases furnish tlie sigaifi- 
oance of these data is limited. The greater leucocytosis of mclaDOtw 
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sarcoma accords with its recognized malignancy^ and some marked 
leucocytoses observed by Alexander and Limbeck (52,000, 32,000) in 
osteosarcomata may perhaps go with myeloid tumors, which are more 
malignant than the periosteal. 

Myelocytes were noted in Reinbach's case, cited above, which also 
showed eosinophilia. Cabot found 7 percent of laige and small myelo- 
cytes in a case of general sarcomatosis, and an occasional myelocyte 
in three other cases. 
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PART VL 
ANIMAL PARASITES. 

CHAPTER XXIII. 
MALARIA. 

I. TE0HNI08. 

(a) The Examination of Fresh Blood. — By far the readiest method 
of determining the presence of malarial infection is by the examination 
of the fresh blood. For this purpose thoroughly cleaned and polished 
slides and cover-glasses are the chief requisites, and a thin layer of 
blood may be secured by touching the exuded drop to the cover-glass, 
which is immediately laid upon the slide and examined with a one- 
twelflh immersion lens. The quantity of blood should be small, and 
in the resulting layer the red cells should be separated from each 
other. Besides the facility in preparation, this method permits the 
study of the vibratory motion of pigment, of ameboid motion of the 
parasite, of some limited phases of the natural development of the 
parasite, such as exflagellation, and of some artificial changes, such as 
the escape of the parasite from the cell, and occasionally of the forma- 
tion of vacuoles. 

By mixing the blood with ascitic fluid deeply tinged with methylene- 
blue, Celli and Guamieri secured excellent stain^ specimens of the 
parasite in the fresh condition. The ascitic fluid was prepared by dis- 
solving powdered methylene-blue in the fluid and filtering. The blood 
was mixed with this fluid and spread under a cover-glass in the usual 
way. Their drawings of parasites seen under these conditions appear 
to have been the first definite representation of the nuclear body of 
the malarial organism. No other notable modification of the mediod 
of examining malarial blood in the fresh condition appears to have 
been perfected. 

Concerning the value and reliability of these methods opinions are 
somewhat at variance. Most of the early study of malarial blood was 
made exclusively by this method, and it still remains, of course, the 
only method permitting the minute study of many important changes 
in the form of the parasite, of the motility of the pigment and of some 
degenerative processes. On the other hand, exclusive reliance on this 
method appears to have been responsible for much confusion regarding 
the varieties of the parasite, and its minute structure, as well as for 
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many erroneous interpretations of exceptional or artificial cbanges f 
the or^nism. 

Aa a ready means of diagnosis, in the hands of an expert, the ex- 
amination of fresh blood is all that is required in the averagf case, and 
when the parasites are moderately numerouH and when crescents are 
present, even an inexperienced observer can hardly err. Under anv 
Other conditions, except for special piir|}oijes, reliance upon this method 
appears to the writer inadvisable. When the parasites are scaroe, 
especially when they are of the small unpigmcnted form, a prolonged 
search through fresh blood has frequently proven ne^tive, in the 
writer's experience, although a few minutes sufficed for the discovery 
of one or more minute parasites in the stained specimen. Practically, 
this fact demands that a negative result with a fresh specimen be in- 
variably controlled by the examination, with mechanical stage, of a 
stained specimen. Moreover, any one who is familiar with the host of 
appearances in fresh blood simulating the malarial parasite must regard 
with some suspicion the report, from anyone but a recf^nized expert, 
of the discovery of one or two "hyaline bodies," From these consid* 
erations the writer would limit the use of fresh specimens to the study 
of a few special features of malarial parasites, and would urgently rec- 
ommend chat as a diagnostic procedure reliance be placed only upoo 
the examination of dry specimens stained, preferably, by Nocht'i 
method. 

The study of tlaKeUate bodies may be conducted in fresh specimens 
preparcl in the ordinary way, but placed, if (wssible, on a warm stage. 
Mannal>erg alone claims to have found the flagellate bodies in consid- 
erable numbers in the fresh human blood immediately after shedding. 
Usually they api>ear only after the lajise of iO-20 minutes, when they 
may form in variable numbers from the lar^r tertian or cresoeatic 
estivo-antumnal organisms, less frequently from quartan parasites. 

The addition of a little water or salt solution may facilitate the es- 
cape of the parasite from the red cell and the formation of flagella. 

The successful action of moisture has been obtained by several ex- 
pedients. Marshall added about an equal quantity of water to a small 
drop of blood containing many crescents and saw the almost immediate 
change of crescents to spheroidal bodies, followed by exflagellatiao. 
Mnnson recommends that the blood under the cover^lnss be kept 
moist by exposure to steam exhaled from a hot moist sponge. After a 
few minutes the cover may be carefully removed, the specimen dried, 
and the flagellate bodies stained. 

The writer finds that the moist chamber may be secured in a Petri 
dish with tightly fitting vaselined cover. Wet blotting paper placed 
in the dish furnishes the necessary moisture. Specimens spread on 
slides or covers may be kept moist for 10-20 minutes in such dishes, 
and fiagellation proceeds with moderate rapidity. 

A simple method is as follows : Cut an opening } x 1 inch in a pieoe 
of thick blotting paper and moisten the paper in hot water. Spread 
two glass slides rather thickly with fresh blood, lay the blotting paper 
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on one slide, cover the cut opening by the other, specimen side down, 
and slip a rubber band about both. After 15-20 minutes the slides 
and paper may be separated and the two specimens dried. 

(6) Preparation of Dry Specimens. — Smears of the blood may be 
prepared by any of the usual methods. After drying thoroughly in 
the air, the malarial parasite stains best after fixation in 95-97-per- 
cent alcohol for 15—30 minutes. Five minutes fixation will suffice, 
but if left in alcohol over night the staining qualities of the organism 
will sometimes be found slightly altered. When slides have been 
kept in alcohol, or in the air, aft/cr fixation by heat or alcohol, for 
periods varying from one month to three years, there is a progressive 
loss of the capacity to unite with eosin, while methylene-blue gives a 
deep difi\ise stain. This tendency may be gradually corrected by 
passing the slides rapidly through a one-tenth-percent solution of 
nitric acid. 

Fixation by heat is less satisfactory for the present purpose, and the 
addition of ether to the alcohol secures no advantage. 

In a critical study of the malarial parasite full reliance cannot be 
placed on specimens that have been fixed longer than a few weeks, aft^r 
which period there are often distinct alterations in the staining charac- 
ters of the organism. 

Staining Methods. Eosin and Methylene-Blue. — For ordinary 
purposes, staining by eosin and methylene-blue may be generally recom- 
mended, and many of the detailed studies of the parasite have been 
based upon specimens stained in this way. The solutions required 
are : (1) a saturated alcoholic solution of Ehrlich's blood eosin, diluted 
with an equal quantity of 95-percent alcohol, and (2) a saturated watery 
solution of Ehrlich's rectified methylene-blue, at least one week old. 

A light staining by eosin, such as is given by the diluted solution 
of eosin, is essential for the clear demonstration of the parasite by 
methylene-blue, and in specimens containing only the small signet- 
ring forms, heavy staining by eosin may almost entirely prevent the 
subsequent action of methylene-blue, and these minute parasites may 
be overlooked. 

By intense staining with old solutions of alcoholic eosin which have 
absorbed water, fragments of the red cell probably containing traces 
of Hb may often be demonstrated in the meshes of the parasite, of 
the presence of which no indication is given by the usual method. 

Methylene-blue fails to stain the young ring forms, especially of the 
tertian type, as clearly as is desirable, and more powerful basic stain- 
ing fluids may well be employed for this purpose. Nocht's method 
may be recommended over any other, as it facilitates the identification 
of the smaU^rings by means of a large densely stained nucleus, but 
when this method cannot be employed, one may resort to the method 
modified by Futcher and Lasear finom the suggestions of Benario and 
of Marchoux, as follows : 

^^ Fix the specimens 5 minutes in 96-peroent aloohol, to 100 cc. of 
which have been added 1 oo. of fbnnalin. Stain 1-^ minutes in the 



following mixture : 8uturatecl alcohol Bolution tliionin, 20 cc.; 20-iM 
ceDt carbolic acid, 100 cc. The fixing solution must be used frmb, 
and the ataining fluid must be at least one week old. The rings ar« 
then densely stained and the specimens do not fade." 

The sharpest demonstrations of minute ring-shaped parables sccutmI 
by the writer were obtained by staining one hour in diluted Gagic's 
hematoxylon before treatment by eosin and methylene-blue. Mema- 
toxylon ataina the nucleus of the ring and makes the body of the para- 
site blacker after methylene-blue. Such specimens are apecially suit- 
able for photography. 

The Nocht-Bomaaowsk; Metliod. — The method originally devised by 
Romanowtiky, and which him given such uncertain results in the hiuids 
of many investigators, has now been modified most successfully by 
Nocbt, whose procedure gives positive results without much dependence 
upon the quality of dyes or the time of staining. (The interesting 
hiatory of this atain may be found in the writer's article on Malarial 
Parasitology, Journal of Experimental Medicine, 1901.) 

Nocht's modification eonsiats in the addition of a few drops of 
neutralized Unna's polychrome methylene-blue (Grubler) to the 1 -per- 
cent solution of ordinary methylene-blue. The usual sjiecimen of poly- 
chrome methylene-blue ih distinctly alkaline, and to be rendered eSectiml 
for the present purpose Nocht found that it requires neutralixatioD, 
preferably by acetic acid. This may be done by adding drop by drop 
of dilute 2-3-percent acetic acid till the commercial fluid polychrome 
blue no longer turns red litmus blue above the zone coming into im- 
mediate contact with the dye. The writer has never failed to secure 
a good result by the following procedure : 

1. To I ounce of polychrome methylene-blue (Grubler) add b drops 
of 3-percent solution of acetic acid (U. S. P., 33 percent). 

2. Make a saturated 1 -percent watery solution of methylene blue, 
preferably Ehrlich's (Griibler) or Koch's, dissolving the dye by gentle 
heat. This solution improves with age, and should be at least one 
week old. 

3. Make a 1-pcrcent watery solution of Grubler's ipoter^ eotua. 
The mixture is prepared as follows : 

To 10 cc. of water add four drops of the eosin solution, 6 drop* 
of neutralized polychrome-blue, and 2 drops of 1-pcrcent methylene- 
blue, mixing well. The specimens, fixed in alcohol, or by heat, are 
immersed, specimen side down, for 1 to 2 hours, and will not oventein 
in 24 hours. The density of the blue stain may be varied to suit In- 
dividual preferences. The above proportions need not be rigidly fol- 
lowed, but the [mlychrome solution should be accnrately neutralised, 
and the staining mixture should be deep blue. 

Nocht later reports that the two solutions of methyleno-bloe may br 
replaced by a I-[>crccnt solution of Ehrlich's methylene-blue, alkalin- 
ized by ) percent of NaOH and kept a few days in a tiicrmoBtat 
at 50° C. This is the ordinary laboratory method of impmvi 
polychrome methylene-blue. To 2 cc. of water add 2-3 drops a 
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percent watery eosin, and drop by drop of the alkalinized methylene- 
blue till the original red color of the eosiu has almost disappeared. 
In this fluid specimens stain in 5-10 minutes. This method is less 
reliable than the former. 

The rationale of the Nocht-Romanowsky method is not yet Ailly under- 
stood, but it appears most probable that a staining agent which unites selec- 
tively with chromatin exists ready- formed in polychrome methylene>blue, 
and may be developed in specimens of methyleno-blue in various ways, 
among which is slow digestion with an alkali aud heat. Nocht refers to this 
principle as '* red from methyleue-blue." It is not the commercial mothy- 
lene-red, but may be extracted from polychrome methylenc-blue, etc., by 
chloroform (Nocht), and it is a reasonable expectation that it can be put on 
the market in pure form. 

Groldhorn has recently succeeded in digesting methylene-blue with satu- 
rated solution of lithium carbonate so as to develop in it a largo proportion 
of the red chromatin-staining principle. This fluid, neutralized by acetic 
acid, not only stains the chromatin rapidly (15-60 seconds), but demonstrates, 
better than has yet been done, early and extreme granular degeneration of 
the infected and other red cells. Ooldhorn's fluid, ready for use, can be 
obtained from New York dealers. (See Trans. N. Y. Path. Soc, February, 
1901.) 

Nocht's method furnishes so much information r^arding the minute 
structure of the parasite, and renders its identification so complete and 
positive, that it must be recommended above all other methods of 
staining the malarial parasite. Moreover, it has a large field of ap- 
plication in the study of nuclear structures in various other micro- 
organisms. 

n. MORPHOLOOT. 

The Tertian Parasite. 

1. The yoangest form of the tertian parasite seen in the red cell is 
identical in appearance with the spore of the parent rosette. It is a 
compact spheroidal or slightly oval, or irregular body, about 2 /i in 
diameter. It shows an outer rim of basophilic protoplasm inclosing a 
single large nuclear body which is achromatic to methylene-blue but 
stains readily in hematoxylon or by Nocht's method, and which is usu- 
ally inclosed or accompanied by a clear achromatic substance, termed 
by Gautier " the milky zone." (Plate XI., Fig. 1.) 

In the fresh condition these bodies are noticeably refractive, espe- 
cially the nucleus, change their position but rarely their shape, and are 
never pigmented. From the earliest period of infection the red cell is 
often swollen. 

2. The Young Tertian Ring. — Within a few hours after the chill the 
parasite is usually found to have assumed a somewhat characteristic 
ring shape which it commonly maintains in some definite form up to 
the pre-segmenting stage. 

These bodies measure from 3-4 fi in diameter, and the regular ring 
form is retained without marked increase in bulk at any point, for 6-8 
hours. Sometimes the ring is elongated, one arm reaching across the 
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cell, wliile a ihin lx)w pereists, Occaaioually the ring ap|>ear6 to a»-^ 
fold, and the parasite stretches clear across the swollen cell, with the 
nucleus at one end. The tertian ring is rarely as geometrical or deli- 
cate as the estivo-autiiHinal siguet-riug. The development of pi|;aient 
is inconstant, some large rings failing to show pigment, but usually- 
one or more fine grains are to be seen in the medium-sized and smaller 
forms. The ring always encloses a considerable muss of hemoglobin. 
The nuclear body of the tertian ring is itu most characteristic featnre, 
Appearing ns a rather large, achromatic, highly refractive Ixidy, after 
methylene-blue, but staining intensely with hematoxylun snd by 
Nocht'fi method. 

Bigniflcance of the Ring Form. — In regard to the forniatioii auil aij 
c&Que (if the ring o|iiuioii.a are at variauce. Most of the Itulian wri(«n 
thai the ring form is not really ft ring, lieing bridged across by a trana) 
and vesicular nucleus. There are many coiisiderotioDB favoring this vU 
specially the imual appearance of the parasite in the fresh eondition, i 
the fact that the chromatin luually lieu within the ring, cveulually filling 
On the other band, Mannaberg and Ziemann claim that this body is a tr 
ring, formed by the thinning of the central [lortion of the bo<Iy of tho para- 
site, and stale they have seen the ring develop in this manner in the freib 
blood. From the examination of the rings themselves the wi 
unable to convince bimaelf as to which view is correct, but there are 
early forms of the parasite which strongly indicate that the ring do«« 
represent a vesiicular nucleus. In one such form the ring is unfolded and 
nuclear body of the parasite lies naked in the hemoglobin. Moreover, ell 
gated forms of the young parasite are often seen in which the ring is 
and the nuclear body lies bare at one end. These forms vividly recall 
appearance of the ameba dysenterue in which the nucleus remains at 
binder end during active moveroeuts of progression. Further, it is dilBi 
to associalc the relotively huge size of the ring with any nuclear structure, 
which would rciiuire the young malarial parasite Ui have a nueleua wbicb la 
larger than that of the adall ameba djitenlerite. Again, secondary rings some- 
times form from the union of pseiidopodia, and these are identical in appear- 
ance with the primary ring, but laclc the chromatin grauulei). 

In specimens slained by Nocht's method the chromatin is usitally 
vitbin the ring, sometimes lying in an isolated poaition in the center, 
very often the chroinatin is found oulttdt of the ring, connected by 
Bne thread of protoplasm. If the ring represents a vesicular nucleus, 
have here the anomaly of a complete Reparation of chromatin from iliB 
vesicular portion of the nucleus, which is opposed to some rigid histolngieal 
principles. Even more frequently the chromatin is found to be inclosed b; 
bluish staining protoplasm which shuts it off entirely from the ring. (Plate 
XI.. Pig. 7.) 

From various biological studies it appears that the nuclei of the protouw 
are usually widely ditferenl from the nuclei of motoioa. Many protoxoa do 
not have a vesicular nucleus, with cell memhranc, Iinin, nucleolus, ete. ' ■" 
possesses the so-called " di&lributed nucleus '' composed of a number of 
ules lying (Vce in the body of the parasite. The study of the malarial 
(rite by Nocht'ii method indicates that the nucleus of Ibis protoioati in 
dutributed lifpf, which does not exhibit a vesicular appearance nor t 
nuclear membrane, (See Calkins on "Protozoan Nuclei," Annal 
Ainwl. Sciences, Vol. IX., Part III., 1898.) Ou these grounds tbe writeri 
Inclined to agree with Mannaberg and others who hold that the form 
question is a true ring, a form usually but not necessarily assumed by 
parasite, and does not represent a vesicular nucleus. 
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Developmental Cycle or Benign Terlian Parasite. 

Fig. I. VcryeflrlyformofparBiil*. showing chtomatin granule, "milliyTonc." and»pher 

figs- a. 3' Typical youin; ring-sliB|ied parasiics. 

FJ^3. 4, 5. Subdivision ■»( cbromalia. devdopmeni or body, and nppeiranrp or 

l(t<ir Ting-fnnns. 
Fig. ('■ Doubleiings. in tingle pAtniitc. 

Figs. 7, 8, Turlwn-sltaiied partsitri. Setondnty nng*, ccceiilrii! poailion of cbioiniiii 
Fig. 9. IJoubl« inlcclioQ of cell. 

Figs. Id, 1 1, Compkt ■meboid ligures in duubly infected »lls. 
Fig. II. Full grown laim, wilb Urge eccenlric nudruo. 

Figs. IJ, U, I'rolriision ordirmnalin gr.inu1eji»nil nillkyiubstitnce inbndy 111 full gniwn jisrisj|« 
Figa. tSi "*■ Dtifision of cUrnmiitin granalci into Kroujn in rcticnlnicd prcicgnipiiiing t 
Fig. 17- Tonion ir«.-»^, 
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Marchiafava and Bignami still hold that the ring is hridged over by an 
invisible membrane. They do not insist, as do many, that this membrane 
is a nuclear structure, but consider the central area to be a digestive vacuole. 

CompariBon of the Tertian and EstiTO-autnninal BingB. — From the 
study of the ring-shaped tertian parasite and the estivo-autumnal sig- 
net-ring forms, in typical cases of these infections, the writer believes 
that these parasites, with very rare exceptions, can be fully distin- 
guished from each other in this early stage, and on the following pe- 
culiarities : 

1 . The nuclear body and chromatin mass of the young tertian para- 
site is achromatic to methylene-blue, which densely stains the nucleus 
of the estivo-autumnal organism. The writer has been unable to find 
in the literature any specific reference to this diagnostic peculiarity, 
which may be readily verified by comparing specimens of the two 
parasites stained by methylene-blue and by Nocht's method. (The 
dense staining 4)f a nuclear body in the young estivo-autumnal para- 
site has often been noted, and in 1894 Okintschitz mentioned the fact 
that the nucleus of the young tertian parasite fails to stain by methy- 
lene-blue.) 

2. The shape and contour of the tertian ring is usually coarse and 
irregular, but the estivo-autumnal ring is geometrically circular, more 
delicate, with an extremely fine bow, and usually with a typical signet- 
like swelling. (Cf. Plate XI., Figs. 2, 3, and Plate XIII., Figs. 6, 7.) 

3. One or two grains of pigment are almost invariably found in the 
early tertian ring, but are, with nearly equal constancy, absent from 
the estivo-autumnal signet ring. 

4. The writer's specimens confirm the statement of Grautier that the 
tertian ring is usually pigmented before the chromatin becomes subdi- 
vided, while the chromatin of the estivo-autumnal ring is always sub- 
divided before the appearance of pigment. In some cases, however, 
the chromatin of the tertian ring divides before pigmentation. 

5. The infected cell is usually swollen from the moment of infection 
by the tertian spore, and commonly shrunken when harboring the 
estivo-autumnal ring. 

All of these characters are usually apparent in ordinary specimens, 
but naturally are most distinct in flatly spread and rapidly dried cells. 
The writer has met with no exception to the above rules in cases infected 
by the tertian parasite in New York and cases of estivo-autumnal infe(>- 
tion from Cuba. In many of the irregular relapses, in cases showing 
tertian organisms, encountered among volunteer soldiers long returned 
from Cuba single ring-shaped parasites not admitting of positive iden- 
tification have sometimes been seen. The significance of this observa- 
tion will be considered later. (See section on Plurality of Species among 
malarial parasites.) 

3. Large Tertian Rings. — After a period of 6-8 hours, the tertian 
ring is usually found to have developed an outgrowth which is actively 
ameboid in the fresh condition and appears in stained specimens as a 
tongue-like protrusion or turban-shaped mass attached to one seg- 
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ment of the nag. (See Plate XI.) The iiticlear body me 
iocreases slightly in size, projecting ioto the ring, and the oh 
divides ioto several large granules. _ 

At this period occurs the greatest ameboid activity of the parasite 
and in some severe tertian infections the orgaoism may Im> found fixed 
in the height of its ameboid excursions, when it preaonU in stainod 
specimeoB the peculiar appearaoce depicted in Plate XL, Fi^ 9, 10. 
There the ring persiatfi but the body of the parasite is strung out 
into a number of slender threads with nodal thickenings. At limes, 
especially in cases taking quinine, the number and delicacy of the 
threads greatly exceeds those seen in the sketch, which reprcaentA an 
average instance. 

A close inspection of cells harboring such parasites may disclose the 
presence in one cell of two distinct nuclear bodies, indicating the co- 
existence of two parasites. Frequently twin parasites entirely separate 
from the other are found in the same cell, each of which shows a ten- 
dency to develop the long threads, (Sec Plate XI., Fig. 9.) When, 
however, the threads are numerous and very thin, it is usually impos- 
sible to find any break in their continuity, while in many instances the 
two parasites are distinctly nnited. The significanoe of these forms 
will be considered later. i^Sfe GonjugtUion.) 

4. Tertian Spheroidal Bodies. — thiring the second qiuirler of the cycle, 
the body and the nucleus of the parasite develop rapidly in sice, 
ameboid motion and ameboid figures gradually diminish, and pigment 
is abundantly deposited in the form of fine dark brown or yellowish 
grains showing in the fresh state active vibratory motion. The in- 
fected cell continues to increase slightly in size, and its hemoglobin is 
progressively diminished. 

Depending upon the character of ameboid activity the variety of 
figures seen during this period is very great. Eventually, toward the 
end of 24 hours or possibly somewhat later, the parasite occupies 
three-fourths of the swollen cell, in the form of a spheroidal or ellip- 
tical, homogeneous body, the outer portion of which contains most of 
the pigment and is rather more deeply stainabic than the zone \i 
diately surrounding the nucleus. (Plate XI., Fig. 12.) The nudM 
gradually increases in size, growing into the ring. It no longer 1 
the appearance of a small highly refractive achromatic spot (af 
methyl ene-blue) but takes a light bluish tinge with l-peroent metlijii 
lene-blue, and stains less deeply than before with hematoxylon. 
the end of this period the nucleus completely fills the ritig, b 
rather distinctly with methylene-blue and sometimes exhibits a d 
oate bluish network. 

An«r Nocht's method the chaogea in the nucleus are found to cotudat In 
the gradual aubdivi.-tiun of the chromatin grAoulea, which finally become 
rather aumerous, of minute size, and more ilifBculc to stain. 

Usually these chromatin granules lie on the inner clrcumferenc« of the 
bow of the ring, projecting within the ring, and partly surronnd«d by n 
" milky " unstained sone. This milky zone is often abeent in young pan- 
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sites in cells thinly spread and rapidly dried, but in older parasites it is al- 
ways present. Various other positions may be assumed by the chromatin 
mass, as follows : 

A subdivision of the granules into two distinct groups, separated by a 
strand of bluish stained protoplasm ; an excentric position entirely apart 
from the ring ; a position midway between two rings found in the same par- 
asite ; a position in the center of the ring entirely apart from any bluish 
protoplasm ; a circular arrangement about the periphery of the ring. Some- 
times the smaller granules are grouped about a central larger granule, as 
has been noted in other protozoa whose nuclei are of the intermediate 
type. (Microglena, Euglena,) (Plates XI., XIII.) 

5. Foil Grown Tertian ParasiteB. — ITie third quarter is occupied bj 
the continued growth of the parasite in the form of a large homogene- 
ous richly pigmented body which finally occupies at least four-fiflhs 
of the swollen cell, and by certain nuclear changes which it is diffi- 
cult to follow in specimens stained by methylene-blue or hematoxy- 
lon, but are fully demonstrated by Nocht^s method. The exact limits 
within which the parasite may be termed ^' full grown " can be sharply 
fixed only with great difficulty, but there appears to be a period of at 
least twelve hours, during which there is little change in die structure 
of the organism and during which the body stains homogeneously and 
the nucleus occupies the entire ring. The writer would place this 
period between the 24th and 40th hour of the cycle. A portion of 
the period is occupied by nuclear changes belonging to the reproduc- 
tive phase of the parasite's development. 

After the appearance of a faint intranuclear network most authori- 
ties agree that the nucleus largely disappears in specimens stained by 
methylene-blue or hematoxylon, and is next seen in the form of highly 
refractive achromatic spots in the meshes of the reticulated pre-seg- 
menting body (methylene-blue), and these again stain deeply with hem- 
atoxylon. 

Nocht's method, however, frilly demonstrates the nuclear changes which 
occur in the full-g^wn parasite. A considerable area, usually the entire 
original ring, is now occupied by a '* milky " or slightly bluish staining sub- 
stance, in which lie a considerable number of very fine chromatin granules. 
These granules are usually difficult to stain, and being of very minute size 
they are difficult to see. This &ct has led Ziemann and Gautier to admit 
the possibility that the chromatin may actually disappear at one stage of the 
development, especially since they have found some large parasites in which 
no chromatin was demonstrable. In the writer's specimens there were a 
very few large tertian parasites in which no chromatin granules appeared, 
but these were not more numerous than younger forms which were devoid 
of chromatin and which must therefore be regarded as sterile. Similarly, 
the larger forms devoid of chromatin the writer would class with the sterile 
forms rather than accept the view that the chromatin may entirely disappear 
at one stage of the fertile parasite, a view which is at variance with biological 
principles. After the subdivision of the chromatin has reached a limit the 
next change, observed in a considerable number of parasites, appears to con- 
sist in the extrusion of a portion of the milky substance and its chromatin 
granules into the body of the parasite., (Plate XI. , Fig. 13.) At the same time 
the granules of chromatin increase in size and diminish in number. Other 
forms may be seen in which the *' milky substance " and chromatin granules 
occupy an elongated space within the body of the parasite, and in aneh 
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caMS the begiDning ooneent ralioa of pigment and deeper stain of the [ 
site iiiditale the presence of the pre-eeguiental stage. (Plate XI., Fig. 14.) 

C. Pre-segmenttng liodies ustially begin U> appear in the blood 8—10 
hours before tiie chill. 

In specimens stained by methylene-blue the first demonstrable indi- 
cations of the division of the parasite are swn in a decpiT rta'ming 
capacily and tendency touxtnl rcticiilaiion which appear throughout the 
whole or in a part of the body of the parasite. Occasionally these 
changes may be noted in one half the parasite, while the other half 
retains the homogeneous appearance of the "full grown " organism. 
Usually the process is found to have affectwl the entire organism, giv- 
ing the very characteristic forms sketclicd in Plate XI., Figs. 15, Ifi. In 
the pre-s^menting bodies the pigment is gathered in a reduced number 
of coarse grains or spindles which lie in the body of the parasite, in a 
position determined by that of the new multiple nuclei. 

These bodies were first described by Golgi in fresh blood and properly in- 
t«rpreted as belonging to the process of Begmentnlion, Later they were de- 
scribed by Marcbiafava and Celli as va)^uolat«d parasites, tbe highly rerr^c- 
tive nuclear bodies, appearing In the fresh couditioD very much like vacuoles. 
Btill later, Celli and Ouarnieri sketched them fW>ni epecimeoB stained in tbe 
fVesh condition, regarding some as showing partial segmenlatiun, others u 
vacuolated parasites, although they accurately described the appearance of 
the nuclear particles invariably found within these " vacuoles," while othen 
they supposed to be groupn of confluent parasites, i. e., true plasmodia. 
Hannat^rg'fl deocriplions (1899), referring only to freah blood, do not include 
these bodies, nor hove they found a distinct place in his plates, although 
some of the figures in Plate IV. indicate that they have not escaped bis ob- 
servation. In Thayer and Hewetaon's care(\il iludy of tbe parasite in ft«nh 
blood, the pre -segmenting bodies are not described as such. Laveran (1898, 
page 63) refers to the similarity in appearance between a nuclear body aod 
"vacuole," but he neither describes nor depicts the pre- segmenting reticu- 
lated parasite Zicmann descri1>es the pre-segmeutiug l>o<lice as they appear 
after his or Romauowsky's staining methods, iiut the plates would not enable 
one unfamiliar with tbe subject to identify these forms in specimens stained 
by eosin and methylene-hlue. 

The reticulated pre-st^menting tertian parasites may be seen in every 
case examined within 6—8 hours preceding the chill, and oflen in be- 
lated parasites shortly after tbe chill. Many transitional stages be- 
tween the homogeneous adult parasite and the perfect rosette may be 
seen in rich infections. Tliey are well demonstrated by eosin and 
methylene-hlue, especially as regards the increasing density of stain and 
reticulation. AAer hematoxylin the multiple nuclei stain deeply. 

By Nochl's method a series of interesting nuclear changes may be fol- 
lowed in the p re-segmenting forms. After the moss of enlarging chromatin 
granules and milky suhsiance has flown out into the elongated form de- 
scribed above, the uhroiuatin granules leave the central clear space and moke 
their way in groups out into the t)o<1y of the parasite. Various stages of this 
process may be followed in specimeus taken at suitable periods, and sumo ob- 
served phases are seen in Plate XI., Figs. 13-16. Considerable differences in 
the number of such groups may be noted in different cases. Usually a large 
number of iU-deSned groups are seen, before the central moM of granules Is 
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exhausted. (Plate XIII, , Fig, 14. ) In aome specimeDs the compact nuclei of 
the young sporee appear to form in one segment of the parasite before the 
laaio mass of granules has become exhausted. £^ch of the groups appears 
always ti> be surrounded liy a milky zone, and the mass of granules is often 
of a peculiar triangular form. During these changes the pigment granules 
increase in size, diminish in number, and are distributed in the meshes of the | 
now distinctly reticulated body of the parasite. 

7. Tortiaii rosettes are usually seen in the circulation 3 or 4 hours be- 
fore the chill, most abuadnutly just before the chill, and a few are 
often to be found for one hour or longer after the chill. ' 

These limits may occaaionally be much wider, oa Marchiafava and 
Celli have seen rosettes two to six hours before the chill and six to , 
seven hours thereafter, and indeed, when the different broods of para- 
sites are not very distinct, there is no reason why occasional rosett«a 
should not be found at any period of the main cycle. j 

Of the three types of sporulatiou described by Golgi, the second type, ao- I 
rording to which the entire parasite is divided into xpores leaving nothing ' 
but pigment, is undoubtedly the usual process. At, regards Oolgi's firat 
type, after which only the peripheral jiorlion of the parasite divides, leaving 
a distinct central globular pigmented body, most stained specimens fail to 
show convincing evidence that the phyaiological segmenting process may be 
Bul^ect to sueh an important modification, nor does it appear in recent litera- 
ture that the existence of this variety of segmentation has been fully veri- 
fied. In a few cases taking quinine, the writer bos seen rare segmenting 
bodies which resembled those described as above by Golgi, but never in freah 
case«. Golgi's third type of "partial segmentation," together with the 
lateral circumscribed sporulatiou of Celli and Guarnieri, may frequently be 
seen in rich tertian infections io fresh blood, but according to the evidence 
of stained specimens, must be classed with the pre-segmentiug forms. The 
various morphological dlfl^rences seen in the segmenting forms of the 
separate species serve to distinguish those species, but do not eonstitul« 
dilferent types of this process. 

The tertian ronette is usually distinguished by its lai^ size and 
considerable number of sporee, 15—20. From the writer's specimens 
it does not appear, however, that the iderftification of the tertian 
rosette can always be batied upon the number of spores, as these are 
sometimes found to number under fifteen, though rarely over tweoty- 
oae. Marchiafava and Bignami, however, have described tertian 
rosettes with 40-50 spores. With the smaller number of spores the 
rosette is always distinctly larger than either the quartan or the 
eetivo-autumnul body. 

Although rosettes sometimesappearto be extra-cellular, when seen in 
fresh blood, in stained specimens the writer has never seen a clearly 
extra-<;ellular segmenting tertian body. Almoi^t invariably there is ao 
unbroken ring of hemoglobin about the panisite, and very often traoea 
of hem(^lobin may be found scattered through a mass of spores, where 
they may be demonstrated by dense staining with cosin. 

The nuclear changes demonstrated by Nocht's method in the tertian 
rosette consist principally in the gradual fusion of the new formed 
groups of chromatin grauules into one compact globule, which is partly 
surrounded by a " milky zone." 
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While the rosette is still compact the vesicular shape of the spore is 
distinct. The outer segment of the ring is usually thickened, the 
nucleus tends to lie near the inner polo, and between the nucleus and 
outer segment is a small milky zone. 

The pigment is usually collected into a central block or mass of 
granules, but may be found variously scattered among the spores, or 
along the periphery of the rosette. (Plate XI., l*'ig. 17.) 

The Qaartan Parasite. 

The earliest form of the quartan parasite as seen in the stained red 
cell IS practically indistiDguiahable from that of the tertian organism, 
but its true character may usually be suspected from the slightly 
shrunken appearance of the infected cell. In fresh specimens the 
higher refracted quality of this body is often, however, sufficiently 
characteristic for its identification. After a very slight increase in eire 
the quartan parasite becomes rather easy to distinguish in Iioth fn-sh 
and stained spocimens, for it early takes the form of a ring, of the gen- 
eral character of the tertian ring, but smaller, more compact, and more 
richly and coarsely pigmented. As with the tertian organism the 
Quolear body is found projecting into the ring. In fresh specimens at 
this period, the higher refractive quality and slower amelmid motion 
are additional diaguastic characters from the tertian parasite. (Plate 
XII.) 

The growth of the quartan ring is very similar in all importaut 
spects to that of the tertian, while its distinguishing features, es{>ecii 
the abundance of coarse pigment grains, are unifumdy retained. 

During the pre-scgmenting stage the characters of the quartan par^ 
site are markedly different from those of the tertian. On account of 
the slower progress of sporulation oud from the greater tendency of 
the quartan parasite to complete its cycle iu the general circulation, 
quartan pre-segmeniing bodies are relatively much more numerous in 
the stained specimen than are the similar forms of the tertiau organism. 
In some specimens taken several hours before the chill the majority of 
Oif^anisms found may present the markedly reticulated structure indic- 
ative of approaching division. The multiple nuclei being less numer- 
ous and the pigment more abundant, the meshes of the reticulum are 
much coarser and the pigment is often found in irregular partly radi- 
ating rows. These coarsely reticulated, relatively sm^l, and richly pig- 
mented Itodies, lying in markedly shruuken cells, are very chRrsct4.T- 
istic and not readily confused with any other form of malarial parasite 
oommonly found in the periphend blood. In some severe e«(ivo- 
autumnal infections, showing many parasites of all stages in the 
peripheral blood, somewhat similar spheroidal or pre-s^raenting forms 
may be found in considerable nunil>ers, but, ns will be seen by reft>r«nc« 
to Plate XIII., the character of the pigment in the estivo-iiutumnal 
parasite is very different, while such cases are very rare, and readily 
recognized on clinical grounds, being almost invariably of tlie pen ' 
cious type. 
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Cycle of Quartan Parasite. 
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1. Vt*ry early non-pif^jinented form. 

2, 3, 4. Small ijuartan rinj;s, with large chromatin masses and abundance of pigment. 

5. Tiirban-shaped ring, with subdivided chromatin. 

6. Sul)ilivision of ring and of chromatin granules. 

7. Coarse ({uartan ring with central chromatin granules. 

8. Full-grown (juartan parasite, with eccentric chromatin, hyaline body, and abundance of 

pigment. 

9. F'xlra-rellular reticulated body. 



I'"il;s. 10 13. (Quartan presegmenting forms. 
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14. Quartan rosette. 



Fii:. 15. Pigmented mononuclear leucocyte. 
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The quartan segmenting bodies are usually more abundant in the 
peripheral circulation than are rosettes of any other type, and are read- 
ily identified by the small number (6-12) and comparatively large size 
and geometrical arrangement of the spores. (Plate XII.) 

The Estivo-Antiimnal Parasite. 

The following description applies to a group of organisms^ which, 
according to the Italian school, comprises two or three varieties of ma- 
larial parasites. Waiving for the present the question of a plurality 
of species, the entire group will be described as one, and the grounds 
for their separation into two or more species will be considered later. 

The earliest form of the estivo-autunmal parasite seen in the red ceUs 
is very similar to that of the tertian and quartan parasites, but is of 
slightly smaller size than either, and is often distinguishable from the 
tertian by the shrinkage of the cell, and from the quartan by its dis- 
tinctly smaller dimensions. (Plate XIII., Fig. 1.) In fresh speci- 
mens the young ameboid body usually shows a low refractive index as 
compared with the tertian and quartan parasites. It is never pig- 
mented. Associated with the inter-cellular spores there are frequently 
seen in the plasma small spheroidal bodies exhibiting an active roll- 
ing motion and occasional blunt projecting points (pseudopodia ?), and 
which on becoming arrested by contact with the red cells are found to 
be indistinguishable from compact intra-cellular bodies. The positive 
identification of these extra-cellular bodies, however, appears to the 
writer a very hazardous undertaking. (Cf. Ziemann, p^ 49.) In dried 
specimens stained by Nocht's method, however, the young extra-cellu- 
lar parasite may be positively identified from the presence of a mass of 
chromatin. In the writer's specimens such extra-cellular bodies were 
very rarely encountered. 

The Estivo-autumnal Signet-ring. — At a very early period of its de- 
velopment the estivo-autumnal parasite assumes a very characteristic 
ring shape. Many of these rings early develop a thickening of one 
segment, and to these bodies of various sizes the term ^^ signet-ring " 
very aptly applies. (Plate XIII., Figs. 5—7.) 

It is to be noted that in some cases the rings fail to exhibit this 
thickening but remain of a uniform bid very fine caliber throughout. 
(Plate XIII., Fig. 4.) The period during which the rings retain this 
uniform caliber has not been determined, but bodies of this type may 
be seen measuring at least 3 // in diameter. They nearly always pre- 
sent two nuclear bodies, lying at opposite poles or close together. Oc- 
casionally such rings are found to have unfolded, and to be stretehed 
like a thread clear across the cell, the nuclei appearing at inconstant 
intervals. 

In other cases no rings of this type are seen, all showing the thick- 
ening of the signet and a single nuclear body. In the majority of 
cases rings of both types are associated in variable numbers. 

Multiple infection with the young rings is very common in the 
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red celb of moat cases of estivo-autumaal malaria, and, as a rule, Its 
frequency is proportionate to the severity of the disease. In the periph- 
eral blood three parasites are often found in the same red cell, and occa- 
sionally four, while in smears of the marn>w of a fatal case, seen by 
the writer, infection of one cell with four rings was common, five par- 
asites were occasionally seen in the same cell, and one slightly swollen 
red cell was encountered containin}r seven well-formed rings. These 
observatiuDs accord with the reports of Ziemann (p. 49), who found 
of^n three and four parasites, and once as many as five id one cell. 

It appears Id tlie description of the HEHAMEBAiMUAcnLATA, wbichiaaaid 
to sporulate without producing pigment, that most of the rosettes oootain 
comparatively few spores, averaging from 6 to 10. (Marcbia&va, Bignami, 
Ziemaun, Uarchoux, Orasai and Feletti.) The close reaemblance to a non- 
pigmented rosette presented by some of these red cells harboring 5, 6, or 7 
young parasites is very striking. In the writer's specimens (see Plate XIII., 
Fig. 2) there could be no doubt as to the proper intorpretation to be placed on 
these examples of multiple infection. 

Multiple infection of the red cell appears in rather rare instances to 
lead to the development of a peculiar form of the young estJTO-sn- 
tumual parasite on which Mauual>erg bases his unique theory of the 
development of crescents. This body consists in tlic apparent union 
of two rings by a fusion of their nuclear bodies. (See Plate XIII., Fig. 
3.) Mannaberg depicts all transition forms between these bodies and 
the fully developed crescent. 

The signet-ring forms frequently reach a diameter of 4 /i while still 
retaining the peculiar thickening of one segment, the thin geometrical 
bow, and a very distinct nuclear body staining with methylene-blue 
and surrounded by a narrow achromatic zone. (Plate XIII., Fig. 6.) 

The distinguishing features between the estivo-autumnal and the 
tertian rings have been enumerated under the description of the latter 
parasite. 

Beyond this size, when persisting in the finger blood, the growth 
the parasite produces an irrcgidar body in which the outline of t 
nag becomes more or less obscure. The full development of the larg* 
signet-rings appears to require about 24 hours. 

In the majority of cases the ring forms seen in the peripheral blood 
fail to show any trace of pkiment, especially in the patients showing 
distinctly iutermittent quotidian or tertian paroxysms. In a consider- 
able number of instances, however, especially in very severe and fatal 
infections, the largest rings exhibit a very few minute pigment graioa, 
usually aswiciated with older pigmented forms. 

Later Stages of the EaUra-autumnal Parasite. — The later forma of 
the estivo-uuCuniual parasite are rather rarely seen in the |>eriph«ral 
circulation. 

Mosi of the lUlbui writefB speak of their occurr«>noe in the flnger blood 
aa being very unusual hut not unknown. SaccharofT in two cases of estivo- 
aatumnnl infeution saw many rosettes in the periphcml blood. Ziemai 
reports that in malignant tertian cases occurring in Italy he could follow tl 
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Cycles of Esii 

Fig. I. Vcty young form. 

Fig. 7. Infection of one cell with seven yoting paruiles. { Dnwn from > 

Pig. 3- Triple iiiftclion. Two pnrujtet joined by lingle chrooHtin lu 

Fig. 4. Double inrcctton. Peculiitr rings wilh twa chromalin grulna iit oiipoi-ilc |i 

Fig. S- Double inrectinn. Small ring adherent to cell. 

^^P- ^i 7- Slgnct-ring forms. Sub-division of clitomatin. 

Figs. 8, 9. Laier ring furms. wiih sub-iliviilnl cliromalin uiil Tew pigment grains 

Fig*. 10-13. Fnll'grown funns with finely iub-dirided chroaintin and gradual concfnlratinn of 

pigmcni. 
Ftg*. ij, 14. StBgei of presuginenling formi, wiili concenlnled eccentric pigrnenl. 
Fig, 15. Double iofcctinn with sepirate preicgtncnUng Imdies. 
Fig, 16. EMivn.nalomntl rnseue. 
Figs 17. 18. Young crtacent «nd ovoid. 
Fig. 19. "I'ulialing" nciccnt. 
Fi^, 10-31. Various forms of crcsccnli, 
l''ig. S3. Two bows aboal single crescent. 
Fig, J4. Fully develiiped cicicent ; two mnsjcs of cliromslin ; nchronialic suhslnnce : donM*" 

wreaths of pigment. 
Fig. 35. Dtagrimmaiic llngcllnilng Un 
Fit. a6. E*ln-G«Uitl«r M«iile body. 
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the blood the complete cycle, but that in cases occurring in Kamerun the 
later forms were not found in the finger blood. Plehn describes a variety 
of parasite which he believes is peculiar to hemoglobinuric fever, and of 
which the later forms are of very small size but abundantly represented in 
the peripheral blood. In five cases examined by the writer the entire de- 
velopmental cycle of the estivo-autumnal parasite could be followed in the 
peripheral blood, and on the forms observed in these cases is based the 
present description of the later phases of this parasite. 

After the ring has reached its full size (4 /i, 24 hours +) the swollen 
segment begins to increase in bulk and to involve a larger portion of 
the circumference, yielding forms seen in Plate XIII., Figs. 8 and 9. 
Some of these forms closely resemble the turban-shaped rings of the 
tertain parasite (Plate XIII., Fig. 8), but are much smaller. A few 
fine pigment grains were usually found scattered along the periphery 
of the growing segment. Forms corresponding to the full-grown ter- 
tain parasite with homogeneous body are rarely seen in the peripheral 
blood. When encountered they are found to occupy three-fourths of 
the shrunken cell, stain homogeneously with methylene-blue, and &il 
to exhibit a distinct nuclear body afler methylene-blue or hema- 
toxylon. 

Most of the larger forms of the parasite seen in the peripheral 
blood give evidence of approaching segmentation, exhibiting a distinctly 
reticular structure and a condensation of pigment into one or two 
clumps. (Plate XIII., Fig. 10.) In many of these bodies the original 
ring persists at one segment of the parasite, but appears to be of re- 
duced size, and is sometimes subdivided by strands of protoplasm. 
The nuclear body at this period &ils entirely to stain with methylene- 
blue and is indistinct after hematoxylon, resembling in this respect the 
full grown homogeneous tertain organism. The presence of a distinct 
achromatic spot adjoining the clump of pigment is very frequent in 
these forms, and this spot is found by Nocht's stain to be composed of 
chromatin granules. 

The furliier development of the pre-s^menting forms is represented 
in Plate XIII., Figs. 11-15, two separate parasites in the same red cell 
being occasionally seen. In them the reticular structure becomes more 
distinct, the pigment is still further concentrated, and the subdivided 
nuclear bodies appear as small achromatic spots in the meshes of the 
reticulum and again stain distinctly with hematoxylon. 

Estivo-antomnal rosettes appear in the peripheral blood of rare 
cases only and in moderate numbers, and exhibit a very uniform struc- 
ture. 

The pigment is grouped in a central granular clump, or, rarely, 
somewhat scattered. The spores seem to be arranged in two rows, but 
this appearance is probably an optical effect produced by the flattening 
of the more or less spheroidal body of the rosette, the spores origi- 
nally lying in the central axis of the rosette, falling in the hardening 
process, within those lying on the periphery. 

When admitting of accurate enumeration their numbers are found 
to vary between 18 and 21. The same number of spores was repeat- 
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edly counted in favorable 8[>cciDiens, made bv the writer from the 
marrow of a fatal case. In sections of the tissues of fatal casee, how- 
ever, the number of s|K)res appears to vary between wider limits, i. e., 
8 to 20, hut as the entire rosette need not always be included in the 
eection the observationa mode in smears are the more reliable, A rim 
of hemc^lobin invariably nurronnds the rosette and strands of hemo- 
globin are frequently found running between the spores for a variable 
distance, sometimes within the outer row. 

ITiese rosettes differ from the tertian t^menting forma in Out 
tiie of the body ami shrunken appeara^ice nf the eeU, and in the xmalltiatf 
hut not in the number, of t/ie npores. 

The Ohanges in the Ohromatlii of the EgtiTO-antamiiftl Pax&aite. — 
In the young ring forms the early subdivision of tbe chromatin hae t)t^en 
noted by Gautier, and in the writer's specimens was a prominent diirercnli&l 
cbftract^r (h>m ihe tertian rioga. A great variety or appearances is pro- 
duoed by the irregular subdivision and distribution of the chromatin in the 
young eativo-autumnal parasite, many of whicli have been sketched or db- 
BCribed for the tertian rings. The grains are usually quite small and are 
sometiroea apparently fused into a spindle-shaped mass, lying within tbe 
ring. Other peculiarities which may be noted are : a markedly unequal siie 
of the grains, a widely separate position, a Irequent concentration in the 
center of the ring, and very rarely, a complete absence of chromatin. 

After 24 hours' growth, the chromatin granules become more numerous 
and extremely minute, and are inclosed in a trace of the milky substance, as 
in the tertian parasite. 

The changett in the chromatin in the pre-sogmenting osljvo-autumn&l 
body are similar to those of the tertian parasite. In some of the writer's 
specimens the chromatin granules were found in radiating lines st re tehing 
from the parent mass to the new peripheral groups. In many sjiecimens the 
peripheral groups of granules were well formed while the central portions 
of the t>ody contained many difiiise granules. The relative quantity of 
ohroroatin in some of these bodies appears surprisingly large. The spores 
in the mature rosette usually contain single compact grains of chromatin 
which stain readily by methyleno-blue, but in some rosettes two large gran- 
ules of chromatin are seen in a few sporee although the rosette seems ready 
to burst. 

The double nuclei seen in many young estivo-autumnal rings may per- 
haps be referred to the incomplete fusion of the chromatin in the rosette. 

Oh&racters of the Pigment of Estivo-aatomnal Parasttes, — W^ben an/J 
considerable quantity of pigment gathers in the estivo-autumual p 
site it is usually found in one or two groups, but rarely is diSuse. 

When the paruHite has reached the full-grown homogeneous st^ 
the pigment is commonly found concentrated in a single compact n 
This early conceutration of pigment is one of the chief features whU 
distinguish the estivo-autumnul from the tertian parasite, in tbe pM 
segmenting stage. This fact has been fully emphasized by GautJM 
•ud was very uniformly illustrated in the writer's cases. 

The Plurality of Species in tbe Estivo-antomnal Oronp of Fw 
liteB. — The proliability that several species of parasites are conoem 
in tlic severe types of malarial fever prevailing in tropical countria 
especially in the summer and autumn, lias been chiefly maintained \ 
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the Italian school, who divide this group of parasites into two species : 
(1) the quotidian and (2) the malignant tertian. 

1 . The Quotidian Puraiaite. — ^The typical fever curve of this variety 
is rather rarely seen, more frequently in relapses than in initial seiz- 
ures, while a postponement of paroxysms is usually observed, and a 
continuous fever is very common. The typical attack is short, the 
fever lasting 6-8, rarely 12 hours, the temperature then falling to 
37° C. 

The descriptions of the morphology of this parasite unfortunately 
refer only to its appearance in fresh blood. During the rise of the tem- 
perature, the sweating stage, and the first hours of apyrexia, the blood 
is found to contain a variable number of red cells infected with one or 
more very actively motile, or non-motile, parasites of discoidal or ring 
shape. During the afebrile period the parasites increase in size, the 
ameboid motion diminishes or ceases, and fine pigment grains are de- 
posited along the periphery of the organism. Later, in the larger 
forms, the pigment gathers in a single clump or heap of grains. Dur- 
ing the entire development, the infected red cell diminishes in size and 
presents a " brassy " color as a result of " acute necrosis " induced by 
the parasite. Rosettes are seldom encountered in the finger-blood, 
segmentation occurring principally in the internal organs, as seen in 
the aspirated splenic blood. Rarely, s^mentation occurs before pig- 
mentation, but usually the numerous round or oval spores are found 
grouped about a central pigment mass, the rosettes being much smaller 
than those of the quartan or mild tertian parasites. 

Contrary to the rule in malignant tertian infections, the young para- 
sites are found in the blood from the beginning of the paroxysm, and, 
except in very mild cases, there is no period in the cycle when the 
parasites are absent from the finger blood. 

2. The malignant tertian parasite is distinguished on both clinical 
and morphological grounds. QiniocUly the typical paroxysm b^ns 
with a sharp elevation to about 40° C, the febrile period lasts 24 or 
36-40 hours, is marked by a pseudocrma and preeritical elevation, the 
fever describing in the three hourly chart a very characteristic course 
which differs from that of the mild tertian paroxysms. A tendency 
toward various irregularities is common. 

In the blood the parasites may be scarce or even entirely absent at 
the beginning of the paroxysm. At the height of the fever the red 
cells contain small non-motile ring or disc-shaped bodies, or irregular 
ameboid bodies, which begin to show pigmentation toward the ap- 
proach of the afebrile period. Most of the parasites then disappear 
from the finger blood, and rosettes are rarely seen except in some very 
rich infections. The pre-segmenting forms are round or ovoid, one- 
fourth to one-half the size of the red cell, and the pigment is gathered 
in a single clump or in a mass of vibrating granules. The rosettes 
occupy about two-thirds of the red cell, and exhibit two rows of spores 
which usually number 10-12, rarely 15-16. The infected cells are 
markedly shrunken and present a ^^ brassy or golden '' appearance. 
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distinguish the maligDant tertian f 
moner or mild variety on the following features. 

1. The roaltgnaat tertian parasite is smaller in all stages. 2. Its 
pigment ia less abundant and often non-raotile, while in the other tlie 
pigment is very abundant and always in vibratory motion. 3. The 
rosettes are smaller, contain only 10-12 (rarely 16) .s[»rea, and are 
rarely seen in the linger blood. 4. The infected oell is shrunlieQ in- 
stead of being swollen, aa with the mild tertian infection. 

From the quotidian parasitfi the malignant tertian is distinguished 
on the following grounda. 

1. The tertian ameba is, in corresponding stages, larger and lees 
transparent than the quotidian. 

2. In the malignant tertian parasite the ameboid movement is live- 
lier, so that the resting discoidal forms are less frequent than with the 
quotidian parasite. The larger pigmented tertian forms, also, are often 
ameboid, this property i^rsisting for 24 hours or longer. 

3. The pigment in the tertian parasite is often vibratory, but never 
in the quotidian. 

4. In the quotidian rosettes pigment is sometimes wanting. 
6, The appearance in the linger blood of a new generation of 

tian parasites is seen some hours after the be^uning of the paroz; 
therefore much later than with the quotidian infect' 



Marchiafava and Bijnianii admit thai the similarity between the mallgaaot 
tertian and the quotidian paratiitea is very great and thai the diBerentiftl 
dtagaosiis is dinicult and possible only from the flill-growD forma aeon juat 
before (be paroxysm. They apparently do not feel quite certain that the 
quotidian and mati^aul l«rtian parasiles are separate species, oa is Indi- 
cated by the following extract f^om their discussion on this point. (Syd. 
Soc. Transl., p. 88.) 

"Tbe remarkable poinLa of reiiemblance between the quotidian and ma- 
lignant tertian paraaites mulce it very difficult to solve the question wbrtber 
we have to do with diOerenl sorts of parasites in tbe strict sense, or with 
one and the same parasite which varies greatly in the time of its develop 
ment, 24—48 hours — and there are all intermediate degrees. On this latter 
theoty it becomes eaay to ascribe the morphological differences to the vary- 
ing length of the cycle. But varions facta oppose this hypothesis. First, 
tbe clinical types of the quotidian and tertian are clearly distinct from each 
other, and have a certain stability which Is maintained in relapses and re- 
currences. Second, we have never met with intermediate forms or traoai- 
tionol cases, although it ia very difficult to interpret ibe irregular fnvora. 
Qranting that the question cannot at prewtnt be solved definitely 
are inclined to adopt the view that the ameba of the quotidian and tb« 
ameba of the summer tertian arc closely related varieties of one and tb« 
a«me parasite." 

This view is not materially altered in the authors' last treatise (1900). 

Mannnberg, and Grass! and Feletti accept the views of Marchiafava 
and Bignami and describe a quotidian parasite, but do not furnish 
original observations tending to confirm their opinions. Thayer and 
Hewetson, Ziemann, and Gantier, all of whom have studied very mi- 
nutely the estivo-autumiml parasites, the latter anthors from extremeljr 
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rich material in tropioal regions, fail to find sufficient grounds for the 
subdivision of the group. 

From the writePs study of cases at Montauk among soldiers re- 
cently arrived from Cuba in 1898, it was concluded that it is impos- 
sible from the observation of parasites in the peripheral blood to dem- 
onstrate the existence of a 24-hour cycle, since the infecting broods 
are seldom compact. Quotidian paroxysms always seemed to be refer- 
able to infection with two broods of malignant tertian amebee. 

Two features were noted, however, which offered some hope of dis- 
tinguishing a quotidian from the tertian parasite. 

1. The exclusive presence in a few instances of rings with double 
nuclei and without the signet. 

2. The appearance of large numbers of very small adult parasites 
in the peripheral blood. 

Neither of these features proved sufficient for the positive identifi- 
cation of a quotidian parasite. The peculiar rings were usually asso- 
ciated with the ordinary signet-ring forms, and the rosettes seen in 
peripheral blood were identical in appearance with those found in 
marrow-smears from fiital cases of malignant tertian infectio n. 

It therefore seems necessary to conclude for the present that a spe- 
cial quotidian parasite has not yet been demonstrated and probably does 
not exist. As stated by Ziemann, it seems likely that estivo-autumnal 
fever is caused by a single species of parasite whose developmental 
cycle usually requires 48 hours, but may possibly be completed in 24, 
or, as in one of his cases, may be prolonged to 72 hours. 

The Hemameba Immaculata. — Grassi and Feletti, Marchiafava, 
Celli and Bignami, Guamieri, Sacharoff, Marchoux, and Ziemann re- 
port cases in which rosettes were found in the blood or viscera which 
were free from pigment. Most of these authors, while admitting that 
the parasites may occasionally sporulate without producing pigment, 
are not inclined to regard Uie hemameba imma/mlaia as a separate 
species. Grassi and Feletti claim to have observed in a bird exclusive 
infection with a variety of parasite which fiiils to produce pigment, 
and r^ard the appearance in the human subject of rosettes without 
pigment as evidence of infection by a distinct variety of parasite. 
Mannaberg also accepts this classification. 

In the report of the examination of the viscera of this bird no mention 
is made of the presence or absence of pigment, and it is impossible to deter- 
mine whether or not the infection had failed to produce pigment in the vis- 
cera as well as in the peripheral blood. 

In all cases in which pigment-free rosettes have been found in the 
blood of human subjects there have been found the usual pigment de- 
posits, and pigmented rosettes, in the viscera. That there is consider- 
able variation in the quantity of pigment produced by the parasite in 
fatal cases is shown by the reports by Marchiafava and Bignami of 
fatal cases in which a microscopical examination was required to show 
the presence of very scanty deposits in the viscera. 
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'/Aeiaaoa mentious that he has secD a pre-segiaenting body of the 
benign tertian type which was entirely free from pigment. 

The writer believes that some csaraplea of multiple infection of red 
cells have been mistaken for pigment-free rosettes, but this explnna- 
tioQ can hardly apply to the reports of many such rosettes in the cere- 
bral capillaries. The majority of observers, including Marchiafava 
and Bignami believe that there is no pigment-free variety of human 
malaria] organism but that the estiva-autumnal parasites may ooo^ « 
sionally fail to elaborate pigment. M 



The CrescentiG Bodies. 

On the 4th— 6th days of any but initial paroxysms of estivo-autam- 
nal infection the peripheral blood may contain red cells infected by 
spheroidal, oval, elliptical, or small crescentio bodies which represent 
the early forms of the sexual cycle of the parasite. The relation of 
these forms to the young ameba is not clear and it is not known 
whether the crescents develop directly from the spores or from some 
parent body, such as is seen with various cx>ccidia, and in vhieJi tht 
young paraeitea are of c/-c«ccti(m3 form before their duu-harge from tht 
mother txU. The latter view is the more probably correct, being 
favored by analogy, but the earliest forms of crescents are very fre- 
quently spheroidal or elliptical. On the other hand, neither direct 
observation nor analogy favor the view that they spring directly from 
the ordinary ameboid parasites of tie pyrogenous cycle, as claimed by 
Marchiafava, CelH, and Bignami. 

Mannaberg regards the crescents as the syzygia developing from the 
union of two young parasites, and while this view is lacking in sup- 
port from the actual demonstration of two parasites uniting to form 
the crescent, and is entirely contrary to the recognized mode of origin 
of homologous forms in other protozoa, there are some morphological 
features which are somewhat in its favor. These are the app<.'aranc«, 
frequently, of two groups of pigment, occasionally of two masses of 
chromatin, and the isolated observation of two halters with one 
crescent. 

Appearing first as bodies somewhat shorter than the diameter of the 
red cell, through various changes in length, breadth, and shape (aee 
Plate XIII.), the adult crescent is developed, appearing in the blood 
usually after the fifth to the seventh days of the paroxysm. The 
average adult crescent measures about 9— 12/( in length, by 2—3// in 
breadth, but in some cases very large or giant crescents have been 
observed, the writer having seen specimens measuring 20 /i x 5/jl 
While the young crescent contracts and swells, altering its shape, the 
older forms are quiescent, and neither show true ameboid properties. 
The ends are either pointed or blunt, many old specimens appearing with 
swollen ends. 

The pigment is in the form of coarse golden yellowish grains, rods, 
or possibly at times in rod-shaped crystals. It is the coarsest pigment 



FLAGELLATE BODIES. 397 

elaborated by the parasite and is always more abundant than in the 
ameboid bodies of equal size. It is arranged in a single central mass 
or circle, or as a double circle resembling a figure 8. Occasionally it 
is found in scattered groups, especially in very large crescents. 

Although a membrane cannot be said to exist about the crescent, yet 
its outer border may be stained reddish by eosin, and it has therefore 
been supposed that a remnant of Hb surrounds the crescent on all 
sides. The membrane or thickened outer border of the red cell is 
closely applied about the convex side of the crescent, while across the 
concavity it stretches loosely like a halter. The writer has seen two 
of these halters spanning equal s^ments of the concavity of a single 
large crescent (Plate XIII., Fig. 23), while Marchiafiiva and Bignami 
have seen two adult crescents within a single cell. 

In the center of the crescent is a sharply marked, light blue staining, 
or achromatic area of variable size, containing the chromatin and 
usually also the pigment. Marchiafava and Bignami describe the 
nucleus of the crescent as vesicular, but for reasons already stated the 
writer is unable to r^ard the nucleus as consisting of any other struc- 
ture than the mass of chromatin granules, which can always be found 
in living crescents. In the young crescent these chromatin granules 
are of larger size than in the adult body, in which they become sub- 
divided, and, when obscured by pigment, extremely difficult to detect. 
Sometimes there are two separate groups of chromatin granules. 
Marchiafava and Bignami expose most specimens containing cres- 
cents in a moist chamber for a few minutes, thereby causing the pig- 
ment to separate, the nucleus to swell, and the chromatin granules 
to be more apparent With Nocht's method this expedient is seldom 
necessary. 

Although crescents may show transverse segmentation and occasion- 
ally lateral budding, these changes are probably degenerative, as is 
also their vacuolation. Former views regarding their multiplication 
by various methods are now known to be erroneous. 

That the marrow is a special seat of the development of crescentic 
bodies is believed by Councilman, Bignami, and Bastianelli, who have 
found an excessive number of young forms in this tissue when they 
were scarce elsewhere. 

The long persistence of crescents in the blood and their resistance to 
quinine are matters of common clinical observation. Yet Leukowicz, 
who describes several varieties of crescents, denies that they are any 
more refractory to quinine than are the ameboid forms. 

Flagellate Bodies. 

When blood containing crescents is allowed to stand in the air or 
under a cover-glass for a few moments some of the crescents slowly 
assume the spheroidal form, active vibratory oscillations of the pig- 
ment granules begin, and soon, from one or more points, pseudopodia 
shoot out with active lashing movements. These fliq^Ua continue their 



movements for some time, chaogiug; their position actively, their shape 
slowly, while some may be seen to break off from the body and swim 
off through the plasma. The formation of flagellate bodies represents 
the second stage in the sexual cycle, probably never occurring in the 
human body. 

These flagellate bodies are found, ou staiuiug, to be oomposed of « 
spheroidal pigment*^ mass, usually surrounded by a remnant of the 
red cell, of 2 to 4 flagella of variable type, of one or more lateral buds, 
and of chromatin, which has now undergone a remarkable transforma- 
tion. The bulk of chromatin is apparently much increased, and most 
of it is usually found in the form of long slender threads within the 
flagella. Occasionally short threads of cbnimatin may be found within 
the sphere. The flagclJa are composed of an outer protoplasmic cover- 
ing, their ends are blunt or pointed, their borders even or bulbous, and 
while most of them contain chromatin threads, some are entirely lack- 
ing in this constituent. 

Not all crescents develop flagella, some remain in the semilui 
form, exhibit slow undnlatory movements, and tend to stain m 
deeply with methylene-blne. It is believed that these cresoenta i 
penetrated by a motile flagelluro, after which they become actively 
locomobile, and it is further supposed that these motile fertilised 
crescents or " vermicul! " are capable of penetrating the wall of the moe- 
quito's stomach, and there developing the encysted bodies, which are 
the next stage of the bi-sexual growth of the parasite. 
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The evidence on which this relation of 
Cftt«d is largely derived from analogous phi 
various coccidia. Simond and tjledleckl, jn the coccidia, have 
tiliiation of one crcscentic body by the motile flugelluu of i 
HauCallum, examining the parasites of crows, has seen tbe entrance of n 
flngellnm into a crescent with the development of a motile vermiculiia. (Cf. 
8olley and Carter.) The same evidence indicates that the flagella are mo- 
tile chromosomes of a karyokinetic nucleus, and that their function Is that 
of a male fertilizing element. It thus appears ihat the crescents and their 
flagellated derivatives constitute a divergent developmental series destined 
to perpetuate tlie species in the body of the mosquilo. 

Tertian flagellate bodies develop from the full-grown tertian p 
in much the same way as from crescents. Of full-grown tertian j 
Bites three varieties must be separated : (1) Bodies which are cT 
to segment, and which the writer believes are often produced by c 
jagation. (2) Large hyaline forms which develop flagella. (.1) I 
hyaline forms with little chromatin which probably become fcrtilif 
by detached Hagella. This last form has apparently been observed i 
shed blood as a large vacuolated, apparently sterile, body, but V 
fertilization has never been observed. 

In the tertian (mnisite which is developing flagella, the chrc 
increases in (junntity, becomes arranged in a ba.sket network, bre 
up into several ooarse filaments which may he found protruding f 
the edge of the sphere, and finally these filaments are discharged i 
form of flagella, of which there are usually six to each parasite. 



THE MALARIAL PARASITE IN THE MOSQUITO. 399 

Quartan parasites devolop flagellate bodies very similar in appear- 
ance to those of the estivo-autumnal type. 



m. The Development of the Malarial Parasite in the Mosquito. 

It is principally owing to the labors of Ross, at Hanson's suggestion, 
that the life cycle of the parasite in the mosquito has been elucidated. Ross 
followed the development of the proteosoma of Labbe in the tissues of mos- 
quitoes which had fed upon the blood of birds containing this malarial para- 
site. He traced the development of an encysted body in the wall of the 
intestine, and the formation therein of large numbers of so-called germinal 
rods. Finally, when the germinal rods were found abundantly in the sali- 
vary glands, the complete cycle of the parasite in the mosquito, and its 
natural mode of access to the human body were made clear. The demon- 
stration was rendered doubly positive when Bignami succeeded in transfer- 
ring the estivo-autumnal infection from one human being to another by pass- 
ing it through Anopheles daviger, a species of mosquito found in the Roman 
Campagna. Later, tertian infection was transferred in the same manner. 

The details of development in the mosquito have been worked out 
principally by Grassi^ Bignami, and Bastianelli, while much valuable 
information regarding the few dangerous varieties of mosquitoes, their 
habits, and the means of identifying and destroying them, have been 
contributed by Ross, Nuttall, the Italian writers, and by the Jenner 
School of Tropical Medicine. 

Developmental Forms. — Two days after the mosquito has fed upon 
blood containing crescents, there are to be found in the intestinal sub- 
mucosa spindle-shaped, oval, or spheroidal bodies, resembling the 
spindle-shaped bodies of the blood. They contain a single nucleus, 
scattered pigment, and their protoplasm appears vacuolated. The 
actual development of these bodies from the crescents and the pene- 
tration of fertilized crescents into the intestinal wall has not been 
demonstrated. 

By the third to fourth days the bodies are much enlarged, distinctly 
encapsulated, their protoplasm is reticulated and their pigment has 
largely disappeared. 

By the fifth to the sixth days, the encysted bodies have greatly in- 
creased in size, measuring up to 70 /i in diameter, and project into the 
celomic cavity. They are now found to contain numerous nuclei and 
globules resembling fat. 

By the seventh day fully formed germinal rods are foond in the 
cyst in enormous numbers. These rods average about 14 yu. in length, 
their ends are pointed, and at the center of each is a granule of chro- 
matin. They are arranged in radiating or undulating masses about 
numerous centers. 

After the seventh day broken capsules are found which have dis- 
charged their rods into the celom, from which r^ion they make their 
way into the salivary glands. 

In addition to encysted bodies which develop rods, some contain 
*^ brownish bodies '' of various sizes, the nature of which is not known. 



Very similar phases have been described for the development of M 
tertian parasite, while Bignami and Bastianelli liave recently 8U« 
in tracing the similar phases of the quartan parasite. 



IV. Ooi^agatioQ of Malarial Parasites. 

In 1897 the writer's attention was attracted by a specimen of blood 
from a rich tertian infection in which there were very numerous twin 
parasites of a younger brood while all the older parasites were single. 
A remarkable specimen of this type was secured at Montauk, in which 
both broods were very compact and very numerous, and nearly all the 
younger parasites were twinned, while all the older forms were single. 
Extreme length and variety of ameboid processes also characterized 
the younger parasites in both specimens. Lat«r the writer was able 
to follow such a case through one complete cycle and found that the 
young twins were succeeded by full-grown single parasites of larger 
size. Finally, the application of Nocht's stain furnished convincing 
pictures of all stages of union, first of the bodies, later of the nuclei 
of the twin parasites, and left no room for doubt that under some con- 
ditions malarial parasites undergo a form of conjugation. 

The phases of this process are sketched in Plate XIV. 

Usually the members of the conjugating pair presented distinct 
differences in appearance. One was a thick compact parasite with 
abundant cytoplasm, one large and sometimes one smaller granule of 
chromatin, and was seldom seen in the ring form. The other was a 
ring-shaped parasite of delicate contour, of lai^r diameter and with 
rather less chromatin. 

The separate development of each of these parasites was followed in 
these cases np to the lai^ spheroidal bodies. The compact parasite 
usually retained its compact form throughout, producing a parasite re- 
sembling in size the quartan forms, and staining very densely with 
methylene- blue. In some instances it developed 6 or 8 separat« 
masses of chromatin granules, but the writer could not be certain that 
it aporulated. The delicate rings, developing singly, produced medium- 
sised, pale-staining parasites of full-grown appearance, but beyond this 
stage it was not followed. The conjugating parasites produced Isi^ 
segmenting forms with 16—20 spores. 

The extent and significance of this form of conjugation it is difficult 
to determine. In the casc^ in which it can be profitably studied, para- 
sites are usually very abundant, and in most cases few indications of 
the process can be detected. It is, therefore, probably not essential to 
sporulation, but when parasites are scanty the chances of finding 
typical examples of conjugating pairs are greatly reduced, and the 
peripheral blood may not be a complete index of the processes in the 
internal viscera. The large size of the sporulating forms developed 
from conjugating pairs su^ests that this process is intcmletl to espe- 
cially favor the multiplication of the species in the human host. It 
seems probable that conjugation occurs in the first geaeratioDS of 
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the infection and becomes less frequent as the disease progresses, the 
infection in the human host thereby tending to limit itself. 

Several sources of error in the interpretation of these appearances 
have to be considered. The presence of two masses of chromatin has 
been noted in single young parasites. Yet the existence of the bodies 
of two parasites can usually be determined with certainty, while some 
conjugating forms contain three large masses of chromatin granules, t. 
€., when one of the conjugating forms supplies an extra granule. The 
conjugating forms must, therefore, be identified from the presence of 
the bodies as well as the chromatin masses of two parasites. 

The death and extrusion of one, or, as suggested by Thayer, of both 
of the twin parasites cannot account for the absence of older twinned 
forms, since no traces of such extrusion were encountered. Twin 
parasites sometimes proceed to full development without conjugating, 
but this event is comparatively rare. 

The existence of these three types of full-grown tertian parasites 
naturally suggests that the single compact form develops into the 
microgametocyte or male flagellating body, the single ring-shaped form 
developing into the macrogametocyte or female form, and the conju- 
gating form into the sporulating body. 

V. The Occurrence of Parasites in the Circulation. 

In all well-marked initial attacks of malarial fever the parasite can 
be found in the blood if examined within 18 hours after the chill. The 
writer found this rule to hold even in patients who were taking large 
doses of quinine, but in one case examined 24 hours after the chill 
parasites could not be found during a search of two hours through 
stained specimens. 

In the great majority of cinchonized cases of acute estivo-autumnal 
fever, parasites can be found within a week after the beginning of the 
paroxysm, while crescents may persist for two or three weeks or more. 
In cases treated by quinine the writer found the ameboid parasites to 
largely disappear from the blood on the third day. If no crescents 
appear, the blood then becomes entirely free of parasites, but usually 
crescents enter the circulation on or after the fourth day and the ex- 
amination of the blood still continues positive. 

On the other handy with very mild or with cinchonized causes a prolonged 
search is sometimes required for the detection of parasites. 

In a few relapses of estivo-autumnal infection, examined during the 
chill, the writer had to search 35—50 minutes before discovering a sin- 
gle parasite, and in several other cases only young crescents could be 
found, while if the examination was delayed for 18-24 hours, it was 
often necessary to search for two hours or more. With Nocht's stain 
this labor would probably have been reduced. 

In causes thai have not taken quinine^ the parasites are usually so abun- 
dant in well-marked infections that no diffimUy whatever is experienced in 
determining their presence. 
26 



Yet the well-known tendency of the eetivo-autuinnal parasit« to I 
tire from the peripheral blood during the flporulating stage may leave 
the finger blood comparatively free from organisms at certain periods 
of the attack. In the tropics, v. d. Schrer notetl that if the blood 
ifl examined during the sporulating stage no parasites may be found, 
and that they may appear, in et^anty numbers only, after some houn* 
growth. Marchiafava and Rignami also emphasize the fact that a neg- 
ative result may frequently he obtained at the beginning of an attack. 
Likewise in mild tertian infections initial paroxysms occur in which 
very few parasites are present in the blood, and in some instancee ihty 
have been reported as absent altogether. The same fact has Iteen ob- 
served in connection with experimental infections. 

Nevertheless, the writer believes that in acute malarial fever, even 
when quinine has been administered, parasites can always be found, ■/ 
Oie blood ig exaviined with care and perg'irience within 1S—S4 hours ajifr 
thechUl. 

In the majority of treated cases the usual phases of development of 
the parasite may be found in diminishing numbers. 

Although Golgi holds tliat the number of parasites in the periph- 
eral blood is no reliable indication of their total numbers in the body, 
yet the severer cases nearly always show the lai^er numbers, while in 
mild cases parasites may be very scarce. 

In conditions of coma the blood may contain eiiher rings or crescents, 
or both, or tertian parasites. When coma arises in the course of the 
active sporulating cycle, it is almost invariably fatal, and the presence 
of many ameboid parasites in the blood of such cases is an extremely 
unfavorable sign. In most cases of malarial coma, especially thorn of 
very abrupt onset, or with symptoms of meningitis or of localized cor- 
tical irritation, crescents only are found in the blood and recovery 
usually follows. 

In some cases of coma the toriler ha/I to search one and two hours bt- 
/ore finding a sintjk parasite, and has encountered some cases of ooma 
and convulsions, in subjects believed In be suffering from malaria, io 
which no parasites could be found in the blood. 

The numbers of parasites to be found in the blood when they are 
extensively massed in the gastro-intestinal mucous membrane, heart- 
muscle, brain, etc., has usually been considerable. Yet the writer en- 
countered a few cases of acute estivo-autumnal infection marked by 
violent bematemesis, in which very few parasites were discoverable in 
the blood. In one case of malarial bematemesis no parasites ccjuld be 
found during the first three days of the paroxysm, but on the fourth day 
numerous young crescents appeared, 

Fatal Malaria Without Parasites in the Peripheral Blood. — The ques- 
tion whether fatal malaria exists without the prescnre of demonftrable 
parasites in the blood has not yet reached complete solution. There can 
can be no doubt, however, that in acute paroxysms, fatal on the fourth or 
fifth day, or later, the energetic use of quinine may rid the blood of all 
ameboid bodice, although the patient dies from the attack. When the 
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blood is not examined until the third day of such attacks the result 
may be negative. 

Marchiafava and Bignami have described peculiar fatal cases of 
estivo-autumnal infection occurring in debilitated subjects, during very 
hot weather, in which few or no parasites were found in the blood and 
very scanty deposits of pigment were present in the viscera. The 
writer has reported a similar case, in which, however, quinine had 
been administered for some days before the examination of the blood. 
In spite of these apparent exceptions to the rule, the writer believes, 
with Marchiafava and Bignami, thai fated acute malaria does not exist 
mthoid the presence of parasites in the blood, at least, at some time during 
the paroxysm. 

Remittent Malarial Fever. — In remittent malarial fever, per- 
sisting longer than seven days, the writer, in 30 selected cases, found 
only estivo-autumnal rings in 8, crescents alone in 11, both rings and 
crescents in 1, tertian parasites alone in 1, double infection in 1, and 
no parasites in 8. Initial estivo-autumnal attacks often begin with 
remittent pyrexia, and some relapses may show a temperature which 
requires three days to reach its acme and three or four to decline. 
These cases do not properly fall in the class of remittent malarial fever. 

In chronic malaria, organisms, principally crescents, are usually to 
be found in the blood when there is fever, but are commonly absent 
during afebrile periods. In one case the writer found crescents in the 
blood four weeks after the last chill, quinine having been constantly 
administered. 

Long after parasites have disappeared, scanty pigmented leucocytes 
may be encountered in the blood, but the situations in which their dis- 
covery proves of value in diagnosis are comparatively rare. Their de- 
tection is more often of value in cinchonized cases of acute fever, in which 
parasites have disappeared. Pigmented leucocytes are most abundant 
shortly after the chill in relapses of well-established estivo-autumnal 
infection. 

Since Marchiafava and Bignami admit that in chronic malaria 
properly treated, mild paroxysms may fail to reduce the number of 
red cells, and since quinine may reduce or destroy the scanty number 
of parasites ordinarily thrown into the peripheral blood, it is necessary 
to admit that paroxysms may occur in chronic malaria without diminution 
of red cells and without parasites in the blood. 

Yet such cases must be excessively rare and by no means open the 
door to the indiscriminate diagnosis of malaria in obscure fibricula 
without anemia or parasites in the blood. (See p. 405.) 

T]rphoid Fever and Malaria. 

The effect of intercurrent typhoid infection upon the blood in malaria 
is very distinct. The concentration which results in typhoid fever 
becomes at once apparent, the blood drop appears distinctly less fluid, 
and the Hb and proportion of red cells rise. 
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Daring the first week of the disease sporulation of parasites fre- 
quently continues and organisms may be found in the blood as usual. 
Illustrations of this coincidence of active malaria in the first week of 
typhoid fever are rather numerous in recent literature. After the first 
weeky when the typhoid fever has become fully established, active sporulation 
of malarial paramtes is extremely rare. 

Until recently there was apparently but one case, reported by W. Gilman 
Thompson, iu which active sporulation of the malarial parasite was shown 
to have occurred at the height of the typhoid infection. 

Of many others, collected by Lyon, most prove to be examples of mala- 
rial paroxysms occurring in the first few days of, or during convalescence from 
typhoid fever. So rare is the coincidence of parasites in the blood during 
the course of typhoid fever that neither Marchiafava, Bignami, Bacelli, 
Dock, or many others, have ever seen a single case. In 159 cases of typhoid 
fever, nearly all occurring in actively malarious subjects, at Montauk, the 
writer could find no instance in which parasites were present in the blood 
during the second to the fourth weeks of the disease, although several early 
or convalescent cases suffered active malarial attacks with parasites, always 
tertian, in the blood. Cases of quartan infection associated with typhoid 
fever are reported by Thayer and by Craig. 

VI. The malarial Anemia. 

There are few conditions which lead so rapidly to such extreme 
oligocythemia as does acute malarial infection. Kelsch, who in 1875 
contributed an exliaustive study of malarial anemia, found that an acute 
initial attack lasting three weeks might reduce the red cells to 1 mil- 
lion or even to 500,000. In robust subjects suffering initial attacks 
the loss on the first day sometimes reached 1 million red cells, or dur- 
ing the first four days, 2 millions. Dionisi observed a reduction of 
500,000 cells in 12 hours. In relapses the seizure did not cause so 
great a loss of cells as in first attacks. In prolonged oases, it was 
often {Kjssible to distinguish three periods in the progress of the 
anemia. (1) During the first three to four days the loss of red cells 
was very rapid. (H millions to 2 millions.) (2) During the afebrile 
interval and during the relapse the fall was continuous but much less 
rapid. The minimum of red cells varied with the character of the in- 
fection, being lower with estivo-autumnal cases, frequently falling l)elow 
2 millions, seldom Iwlow 1 million. (3) When the patient became very 
anemic, relapses reduced the red cells very much less than before, but 
the active regeneration of cells caused their numbers to oscillate. So 
energetic may this reproduction of cells become that even an increase, 
instea<l of decreasi?, may be observe<l directly after an attack in anemic 
subjects. 

Initial attacks of pernicious type cause very marked loss of cells, but 
in relapsing pernicious cases, with severe established anemia, it is not 
uncommon to find the severest general symptoms of the paroxysm un- 
accompanied by demonstrable loss of red cells. 

Marchiafava and Bignami find that there may be destruction of red 
cells, without fever, in larval malaria. 
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In chrome nudariay the prolonged infection^ poor treatment, and bad 
hygiene, commonly reduce the red cells to 1-2 millions, but some ex- 
treme cases show below 1 million, Kelsch having one case which gave 
only 583,000. On the other hand, in favorable subjects, when attacks 
occuV at intervals of one month or longer, and are promptly stopped 
by quinine, there may be no reduction of red cells. (Marchiafava, 
Bignami.) The writer can find no evidence on which to extend this 
exception to the Hb as well. 

In afebrile periods, both between relapses and after subsidence of 
the infection, the anemia may still progress. In fact the writer found 
this further progress of post-febrile anemia to be the rule in all very 
severe cases, and sometimes it proved fatal. Dionisi olDserved a fall 
from 3.2 to 2.3 millions of red cells during the first six days of 
apyrexia, in spite of the use of iron. The regeneration of the blood 
after benign tertian infections usually begins at once, but after all per- 
nicious attacks both the response to iron and the progress of regenera- 
tion are slower. 

Morphology of Bed Oells. — In cases of moderate severity the usual 
changes in the red cells of secondary anemia are present. Even in the 
early stages of anemia, polychromasia and granular degeneration of red 
cells are sometimes to be noted, while these changes increase steadily 
as th e anemia progresses. 

The grave post-malarial anemias present some very interesting forms. 
Marchiafava and Bignami describe tliree types, based upon the changes 
in blood and marrow : 

1. The red cells exhibit the characters of grave secondary anemia, 
with extreme loss of Hb, but no nucleated red cells are present. The 
marrow shows simple atrophy of lymphoid cells and of clusters of 
nucleated red cells. 

2. With the same condition of the blood the usual number of nucle- 
ated red cells may be found, and there is moderate hyperplasia, of 
physiological character, of the lymphoid marrow. 

3. The red cells exhibit the characters of progressive pernicious 
anemia, with hi^h Hb-index and with megalocytes and megaloblasts. 
The marrow suffers typical megaloblastic degeneration. 

The writer^s study of blood and marrow in fatal cases supports this 
division of post-malarial anemias. While the ordinary features of grave 
secondary anemia were usually found, there were in the writer's Mon- 
tauk series no less than 19 cases in which the changes of the progres- 
sive pernicious type had been established in a period not longer than 
ten weeks. In one of these the parasites appeared to have been 
massed principally in tlie bone marrow, where their numbers were 
enormous and instances of multiple infection of cells were excessively 
numerous. There can be no doubt that the tendency of the estivo- 
autumnal parasite to be massed in the bone marrow, in both ameboid 
(the writer) and crescentic phases (Councilman, Bastianelli, Bignami), 
and the excessive demands on red cell production arising in the dis- 
ease, render pernicious malaria an extremely favorable condition for 
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this disturbance of the structure of the marrow and the development 
of specific meguloblastic changes. 

In nearly all cases of grave malarial anemia polychromobia is b 
marked feature, and granular degeneration beoomeM bu prinniiieiit that 
Plehn and others have even described as a peculiar form of the para- 
site those Dollections of bluish staining granules which ap|H:iir in iiinn y 
badly degenerated cellx. This form of degeneration was most pro- 
nounced in a fatal case of benign t«rtian infection reporte<) by th« 
writer, in which there was also a remarkable grade of hydremia, and, 
in the kidneys, the Iciiions of hemoglobinuric fever. 

Besides the lesions referable to anemia, or to the toxemia of paludi&m, 
the infected sed cells sutfer a peculiar series of changes resnlting from 
the presence of the parasite. Changes in the size of the w-Il are 
nearly constant. The tertian parasite, almost from the 6rst, causes 
swelling of the cell and progressive loss of hemoglobin, as indicated 
by increasing pallor. When harlwiring two or three lai^ tertian 
parasites tlie red cell may become enormouf^ly distcndeil. 

When infected by the quartan or any form of astivo-autumna) anieba, 
the red cell usually shrinks and takes on a peculiar opaque " brassy " 
color. This change begins at the moment of infection by the young 
ring and becomes more marked with the growth of the jwrasite. 
Murchiafava and Bignami suggest for this condition the appropriate 
term "erytbropyknosis." These authors believed that the pyknosis 
results in the death of both cell and parasite. 

In many cells infected by any form of parasite, esijecially the eativo- 
antumnal, the hemoglobin collects in a dense layer a1>out the parasite, 
and achromatic clefts often form in the red cell, (Plate XIII., Fig. 13.) 

Fragmentation of the red cell is a rather infrequent result of infec- 
tion by the parasit«. 

Bignami has <lescril)cd an increased eobesiveness of the infectijd red 
cells in estivo-autumual malaria, and explains thereby the tendency of 
infected cells to jpither in small visceral capillaries. 

PathoKenesis of Halaxial Anemia. — In the pathogenesis of malarial 
anemia it is iieiM's.sary to consider the action of several factors. Each 
infecting parasite probably destroys more or lees completely the har- 
boring celt, and a certain part of the loss of red cells must be referred 
to tliis source. Yet Dioniai haa shown that there is no very close re- 
lation between the number of parasites present in ]teripheral blood 
and the destruction of red cells which results from a jianjxysm. 

Moreover, the plasmmliuni does not immediately enter the cell but re- 
mains for a time merely attached to its surface, anil since quinine may 
cause these extra^Iobnlar parasites to abandon the corpuscle, ba de- 
scribed by Murchiafava and Bignnnii, it is probable that in many 
paroxysms, properly treated, the destruction of cells resulting from 
direct consunijtlion by parasites is very slight. 

Many facts indicate that the post-critical anemia is principally refeiv 
able to globulictdal action of tite serum, dependent ufton the preMtooe 
of a malarial loxine. Some of these facts are, the disproportion between 
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the anemia and the number of parasites present ; the steady diminution 
in the loss of cells in the second and third^ as compared with the first 
paroxysm ; the further progress of anemia in many cases after parasites 
have disappeared from the blood (Dionisi, the writer) or during inter- 
vals between paroxysms (Kelsch) ; the occurrence of hemoglobinuric 
malarial fever, and the increased resistance of cells demonstrated by 
Viola during the progress of malarial infection. The writer has 
pointed out at some length that the chief bulk of pigment deposited in 
viscera is derived from the globulicidal action of the plasma and not 
from the vegetative functions of the parasite. 

I tier eased prodicetion of red cells greatly alters the progress of malarial 
anemia, being partly accountable for the smaller losses observed after 
secondary paroxysms, and preserving intact or even increasing the 
numbers of cells after paroxysms in very anemic individuals. 

Vn. The Leacoc]rtosi8 of Malaria. 

Most observers have found very little change in the numbers of leu- 
cocytes in the finger blood during acute malarial attacks of average 
severity. This absence of leucocytosis with a rapidly rising tempera- 
ture may be found of considerable corroborative value in the diagnosis 
of malarial fever. 

A slight leucocytosis at the beginning of the paroxysm has been 
noted in some cases by Kelsch, Billings, Vincent, and others, but the 
numbers usually remain below 10,000, while the percentage of poly- 
nuclear cells is increased. Vincent finds that quinine tends to increase 
the polynuclear leucocytes throughout the entire paroxysm. With the 
falling temperature and during apyrexia the leucocytes are usually dis- 
tinctly diminished (2,000-4,000), especially the polynuclear forms, giv- 
ing a relative lymphocytosis. 

Except during the 3-4 hours immediately following the chill, there- 
fore, malarial blood usually shows a diminished number of leucocytes, 
and a distinct relative lymphocytosis. The lymphocytes, small and 
large, may sometimes become quite numerous, especially in well-estab- 
lished cases. This fact accords with the increased cellular activity 
of the lymphoid tissues shown by microscopical examination of the 
viscera. 

Marchiafava and Bignami refer the lymphocytosis to a specific 
chemotactic action, but it seems more probiably referable to simple 
mechanical factors. 

The percentage of polynuclear cells at the beginning of the attack is 
usually high. Billings found over 80 percent in some cases. Later 
these forms diminish and usually fall below 60 percent. In pernicious 
attacks Bastianelli found below 40 percent of polynuclear cells. 

Bastianelli refers the less of polynuclear leucocytes to the increased 
phagocytic activity of these cells. Vincent noted a periodical decrease 
in the number of large mononuclear cells, which he refers to the same 
process. 
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In the severer egtivo-aulumnal paroxyiiinff many observers liave t 
adistiDct leucocytosis. (Kelsch, Babes and Georghiu, Ziemann, Burot 
and LfCgrand.) Kelsch found that the leiicocytosis of pernicious ma- 
larial attacks often coneists in marked lymphocytosis, which the writ«r 
also has observed. Bastianelli and Bignami lind that in addition to 
various inflammatory complications, leuntcytosis in pernicious maUrii 
may result from rapidly progressive anemia. They find it to be of 
frequent occurrence in hcnioglobinuric fever, and in cases attended 
with severe diarrhea. Plehn, however, found no leucocytosis in moat 
of bis cases of hemoglobinuria. 

The extent of the leucocytoaia varies between 10,0<H) and 35,000 
cells, the latter number having been observed by Kelsch shortly liefore 
death in a comatose patient. Usually the leucocytosis in pernicioua 
attacks is much lower, and many attackn fail to cause any distinct in- 
crease. 

The presence of eosinophile cells may be noted in most cases of mala- 
rial fever, and these cells are usually increased in number during afebrile 
periods. Grawitz rightly regards this feature as of diagnoetic impor- 
tance, as in mostdiseases likely to be confu.sed with malaria eosinophile 
cells are long absent or scarce. Baetianelli and Bignami found that 
eosinophile cells diminish during the paroxysm, and increase during 
apyrexia, while the hlood is regenerating. In two cases of pcmiciotts 
malaria, with many parasites, tliey found many mononuclear leucocytes, 
and a very few eoshiOjihUe myeiocytfs, similar to those seen in myelq^^ 
enous leukemia. ^H 

In chr<jnic malaria Kelsch found the leucocytes usually subnoni^H 
ID numbers, but in one of 33 cases there was transient leucocytosis. ^H 

Pigmented leucocytes are seen in the majority of cases, mot!t &bi^^| 
dantly in the severe and long-established fevers. They are found ^^| 
nearly all fatal cases, hut the writer found them most abundant ill^H 
case which recovenKl. It appears that the pigmented leucocytes i^H 
more closely related to the severity of the antecedent paroxysms th^H 
to the extent of the pigment deposits in the viscera. .^| 

They are most abundant during and shortly after the febrile pen(M^| 
but arc often found in afebrile cases and after jkarasites have A^| 
appeared from the blo(Kl. The phagocytic cells seen in the blood i^H 
elude mononuclear and polynuclear leucocytes, and endothelial odj^H 
The large and smaller mononuclear cells are most often found to OO^H 
tain pigment or parasites, but in a few eases, for reasons not clear, Un^H 
numbers of polynuclear leucocytes are found harboring rosettes, o(n^| 
forms of ]>ara$ites, and pigment. In a few cases very large endotlid|^| 
macrophages may be found in the blood, containing parasites in l^H 
stages of degeneration. ^^k 

The objects englobed by phagocytes, as seen in the circulation, i^H 
dude: (1) Parasites, free or Inclosed in red cells. (2) I^gmv^H 
elaborated by parasites, usually in small clumps, sometimes to tad^H 
m&Mes. (3) Hematoidia derived from the destruction of rvd c^^^| 
(4) Hemosiderin derived from the detritusof red cells. (5) Intaefc^H 
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broken red cells. (6) Other leacocytes. Ciystalline pigment is often 
seen in leucocytes in sections of tissues but never in the circulating 
blood during life. 

The degenerative changes in phagocjrtic leucocjrtes mentioned by 
Bastianclli and Bignami, including vacuolation and diminished staining 
capacity of nuclei, have been noted by the writer in many severe cases. 
The number of vacuolated leucocytes found in the blood is consider-^ 
able and sometimes very large. Fatty degeneration the writer has 
been unable to demonstrate. 

From a comparison of the phenomena of phagocytosis in the circu- 
lating blood with those seen in the viscera of fatal cases, it is evident 
that the phagocytic function of the leucocytes in malaria is very sub- 
ordinate to that of the visceral phagocytes in all but a few exceptional 
cases. 
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Morphology of the Parasite. — ^The parasite of relapsing fever, 
discovered in the fresh blood by Obermeier in 1873, is a spirillum 
about 16 to 40 /£ in length, and is subject to considerable varia- 
tions in size. It is very thin, sharply contoured, structureless, 
and resembles a curled fibrin-fibril. Soudlakewitch described irregu- 
larly contoured spirilla and some with a granular swelling at one end 
which he regarded as a spore. Several parasites may be twisted to- 
gether, and occasionally considerable numbers are found in a granular 
looking mass. These nests are supposed to form in stagnating blood. 
Orth and Ponfick failed to find the spirilla in the blood of the cadaver, 
but in the fresh blood movements may be observed for two to eight 
hours. Sometimes they are motionless. (Engel.) Albrecht saw a con- 
siderable increase in their numbers in specimens that had stood six 
hours, and in one of Lachman's 
ciises a marked increase appeared to 
occur in the cadaver. 

Bodies of Uncertain Char- 
acter Dl-^CRIBED IN THE BlOOD 

OF Rfxturrent Fever. — There has 
always existed a belief that forms of 
the parasite other than the spirillum 
must occur in the blood, and various 
bodies believed to represent develop- 
mental stages of the parasite have 
been described. 

Sarnow and v. Jaksch found, dur- 
ing the afebrile interval, spore-like 
bodies resembling cocci which be- 
came very numen)us before the chill. 
V. Jaksch claimed to have seen these 
bodies develop into typical spirilla. 

Larger protoplasmic masses of varying structure were described by 
Obermeier, Ponfick, Bliscner, Litten, Albrecht, and otiiers. Hei- 
denreich described them minutely, as compact, or vacuolated, variously 
subdivided, of different sizes, containing granules, fat droplets, or red 
blood cells. Sacharoff also describe<l such masses, finding them most 
abundant in the afebrile period, some being 20 times the diameter of 
a red cell. He claimed to have observed the formation of flagellaand 
their separation from the mass. Some of these flagella entered red 




spirillum of Obermeier in human blood. 
Carbolic AichHinc. Magnified 1,000 diam. 
(From Slatkr & SriTTA'd Atlas.) 
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cells and developed into similar large protoplasmic masses, after the 
manner of the malarial crescent. From the nucleus of the parent 
mass other slender flagella were protruded, which on becoming free, 
circulated in the plasma as the spirilla. Heidenreich regarded these 
observations of Saccharoff as of great importance in the biological study 
of the parasite, but they do not appear to have been followed up. 

Method of Demonstration. — In dry specimens of blood the spirilla 
stain well with aniline dyes, and Karlinski succeeded in demonstrating 
flagella with some individuals. Concentrated solution of methylene- 
blue stains all spirilla in 2-5 minutes. 

Examination in the fresh condition yields interesting information re- 
garding the movements of the spirilla, and should be employed to dem- 
onstrate their motility, but not for the determination of their presence 
in doubtful cases. 

Occurrence in the Blood. — Heidenreich found a few spirilla in 
the blood 24 hours before the chilly but most observers have failed to 
find any at this time. 

With tlie vine in temperature the parasites are usually to be found in 
small numbers, one parasite in 10-20 fields of the microscope. (Moc- 
zutkowsky.) They are always to be found on the second day (Blisener), 
and thereafter rapidly increase, often to enormous numbers {e. g., 20-30 
in one field). Yet Enyel claimed that even during high fever the para- 
sites can not always be found in the blood. During defervescence the 
numbers steadily diminish, and in the afebrile periods may entirely 
disappear, but Naunyn, Birch-Hirschfeld, Litten, and Unterberger, 
found an occasional parasite at varying intervals during the afebrile 
period. 

With each succeeding paroxysm the spirilla are apt to appear in in- 
creasing numbers, but there is no strict parallel l)etween their abun- 
dance in the blood and the height of the temperature, while it has 
been shown that their numbers vary both from day to day, and in 
diflTerent parts of the circulation. 

Artificial Gultivation. — Heidenreich kept the spirilla alive for 180 
days in defibrinatod blood. The single cultures were preserved longest 
at a temperature of 18-21° C, but at febrile temperature they soon 
became motionU^ss. They were very sensitive to oxygt»n, QO^^ saliva, 
ascitic fluid, urine, and to modenite variations in the quantity of salts 
in the fluid. Heidenreich and Kannenlx^rg Iwlieve this sensitiveness 
to sli^jht chan|»;es in the tenijwrature and osmotic tension of the sur- 
rounding medium explains the short life of the panisite in the human 
body, but Moczutkowsky found them to resist a temperature of 48° C. 

Multiplication in artificial media has Wen successful only in the 
hands of Koch, but the method was not fully described. Inoculation 
in monkeys was first successfully performed by Carter and Koch, the 
animals exhibiting the symptoms of the disease and their blood con- 
tjiining numerous spirilla. Obermeier and f]ngel had negative results 
from the injection of blood into dogs, rabbits, and guinea-pigs. Moc- 
zutkowsky jKjrformed several successful inoculations in men. Very 
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interesting results were obtained by Albrecht, who kept in a moist 
chamber specimens of blood drawn when the spirilla had temporarily 
disappeared. After 5-6 days, in some specimens, the spirochete 
appeared in large numbers. AJbrecht describes what he believes to be 
the intermediate stage of development of the parasite. 

Destruction of the spirilla in the blood is accomplished, according to 
Wernich, by means of the products elaborated by the parasites them- 
selves ; according to Heidenreich, through the great susceptibility of 
the germ to changes in temperature and chemical composition of the 
blood ; according to Moczutkowsky, through concentration of the 
blood, the density of which, however, diminishes during the paroxysm 
(Trautgott) ; and according to Metchnikoff and Sudake witch, by pha- 
gocytosis. 

The paralyzant effects upon the spirilla of the serum of patients 
who have recovered from the disease indicate that specific bactericidal 
principles are developed in the blood. (Mamourofsky, Grabritschew- 
sky.) Yet the studies of Soudakiewitch on phagocytosis in relapsing 
fever are among the most important on which the doctrine of phagocy- 
tosis is founded, and have placed beyond doubt its importance in the 
destruction of the spirillum of Obermeier. 

Ghanges in Red Gells. — Boeckman reported that the red cells sink 
during, and for 1-2 days after, the attack, increasing somewhat in the 
afebrile periods. Halla counted 4.6 million red cells on the nineteenth 
day of the illness, and found 50 percent of Hb in a severe case. 

Leacoc3rte8. — Laptschinsky, Heidenreich, and Boeckman, all noted 
considerable leucocytosis, most marked just after the crisis. Lapt- 
schinsky mentioned the presence of a very large number of coarsely 
granular leucocytes. 

Bilious T]rphoid Fever (Qriesinger). — In 1854 Griesinger de- 
scribed under the term typhus ideroidesy a disease which occurred in 
epidemic form in Cairo, and sporadic cases of which still persist in 
Smyrna. Moczutkowsky, Karlinsky, Heidenreich, and others, fully 
demonstrated the nature of this malady by finding in every case large 
numbers of the spirillum of Obermeier. 

Serum Diagnosis. — Gabritschewsky found that when the blood of 
a patient who had just recovered from relapsing fever was added to a 
specimen of blood containing spirilla and kept in the thermostat, the 
parasites became motionless within one-half to one hour. 

Loewenthal applied this fact to the diagnosis of relapsing fever dur- 
ing the apyretic interval when parasites are absent from the blood. 
The specific reaction was most marked immediately aft^r the paroxysm, 
diminished steadily, and sometimes became inappreciable, just before the 
next chill. In cases which had successfully overcome the infection the 
reaction persisted longer, and Loewenthal claimed that if it persisted 
as late as the seventh day in sufficient intensity to immobilize the spir- 
illa in one hour, no further relapses ever occurred, otherwise relapses 
invariably followed. There are several uncertainties connected with 
the work of Loewenthal and his claims require confirmation. 
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CHAPTER XXV. 

MISCELLANEOUS PAKASITIC DISEASES. 

TRIOHINA SPIRALIS. 

The relation of trichinosis to the blood is found principally in the 
extreme degree of eosinophilia which marks the condition. 

The red cells, in trichinosis, do not su£Fer greatly. After recovery 
from the disease, when the disturbing effects of fever are eliminated, a 
moderate grade of chlorotic anemia is usually to be noted. Thayer re- 
ports 4.3 million red cells and 68 percent of Hb in a recent case. In 
the majority of active cases the red cells are slightly or not at all dimin- 
ished, while the effects of cyanosis in concentrating the blood have 
several times been encountered. 

Leucocytes. — All cases have shown leucocytosis, ranging from a 
slight increase to 35,700 cells, recorded by Brown. This leucocytosis 
is usually in proportion to the severity of the disease (Blumer and 
Neuman), and persists in moderate degree for weeks or months. 

The leucocytosis is a natural accompaniment of the exudative myositis 
caused by the parasite. Brown observed a considerable deposit of ozyphile 
cells in the neighborhood of some of the cysts and concluded that the trans- 
formation of neutrophile cells occurs in the muscles and blood stream, a 
view which cannot at present be accepted. In Lambert's and Brooks' case 
the writer could find no evidence of the transformation of neutrophile into 
eosinophile granules, although some of the eosinophile granules were un- 
usually small. In the muscles the writer found a very scanty deposit of 
eosinophile cells, the minority of new cells being polynuclear or mononu- 
clear leucocytes or proliferated muscle and endothelial cells. 

Eosinophilia. — Although the presence of marked eosinophilia in 
various forms of intestinsJ parasites was fully demonstrated by Bucklers 
in 1894, its occurrence in trichinosis was not reported until Thayer 
and Brown, in 1897, encountered a well-marked case at Johns Hop- 
kins Hospital. Since then numerous confirmatory reports have been 
contributed by Cabot, 6wyn, Atkinson, Stump, Blumer, Neuman, 
Lambert and Brooks, and others. 

From these observations it appears that trichinosis is invariably ac- 
companied by marked eosinophilia. Yet while the leucocytosis is usu- 
ally in proportion to the severity of the disease, the eosinophilia bears 
no such constant relation. One of Blumer's mild cases showed 50 per- 
cent of eosins, and a recovering case, reported by Brooks, gave 83 per- 
cent. Proportions of 40-60 percent are usually found, but at some 
periods they may fall to 8-10 percent. As a rule, when the neu- 
trophile cells are abundant the eosinophile are scanty, and vice versa. 
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The eoBinophilia appears to be very persistent, 15 percent of the! 
cells remaining after four and one-balf months in Stump's case, and 
34.7 percent after five months in one of Brown's cases. 

The constancy and extent of eosinophilia in trichinosis renders the 
examination of the blood of great value in the diagnosis of this infec- 
tion. It seems possible that mild cases have l>een overlooked in the 
past which mi^ht have been detected by this means. 

Yet while the prt^sence of marked eosinophilia should always sog- 
geet the possibility of trichinosis, there is no great pathognomonic value 
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attached to the symptom, since equal grades of eosinophilia have |i 
since been shown to accompany a great many other oonditiona. ' 
least tliat must be required in the diagnosis is an unequivocal elini 
course, in wliicli case the examination of the blood is secondary 
roborative evidence, or the demonstration of eosinophilia in the bla 
and trichinte or exudative inflammation in the muscles (Stump, T 



DISTOMA (BILHABZIA) HEMATOBITTH. 

This is a nematode worm, very abundant in Egypt and South / 
and occasionally found in the United States. The male w w! 
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7-1 (i mm. long; the female, often found in the gyn ecop ho ric canal 
of the male, is darker and finer and reaches 20 mm. in length. These 
\vorms inhabit tlie amaller veins of the portal system, where as many 
33 300 individuals have been found. 

The ova, in tlie encysted stage, have the shape of a melon seed, 
1/200 to 1/100 inch in length, with a transparent shell in which the 
ciliated embryo may be seen. These ova are (lepoaited in the capillary 
plesuses, where they cause stasis and hemorrhages. They are found 
in the wall of the bladder, rectum, bidney, ureter, and in the lungs, 
but never in the spleen, pancreas, or stomach. (Lortet, ViflUeton.) 
Kartulis found them widely distributed, occurring even in tumors of 




<illghUf mmgnlHed. ) (After LomTiT ud Viu.i.ri«h.) 



the bladder which ft^uently arise in these subjects. He could never 
find tbem in the heart's blood. The ova ore usually detected, clin- 
ically, in the blood clots which pass with the urine, where their 
appearance is somewhat characteristie. 

The life history and mode of infection have been only partly traced. 

Severe grades of anemia somedmea follow the repeated attacks of 
cystitis and hematuria. 

ASOARIS LUMBRICOIDES (OXTXTBIS) (TENIA). * 

Demme reports a case of fatal anemia in a child, with 1.65 million 
red cells, and large masses of ascjirttles in the intestines. Bucklers 
found 41 percent of Hb in one case, and in a series of cases coimted 
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various proportioDS of eosinophile cells, maximum 12.25 percent. In 
a case of oxjiiris he found 16 perct-nt of eo^ins, wliMe in mixed inie4>- 
tions of oxj'uHb and ascaris, the proportions were somewLttt higbsT, 
maximum 19.31 percent. In cases of tenia, eoainophilia was moderate 
or absent, the maximum being 10,2."» jwroent. 



ANaUILLmUA STEROORALIS (IHTE8TINAUS). 

AsgniUola Bt«rcoraIls ib a nematode worm which is oflen associated 
rith anchylostoma. It measures 2.2 mm. in length, while the embn'os 
are but .2-. 3 mm. long. The ova develop 
Fib. 20. very rapidly in the intestinal tract, nml iiro 

passed in the stool only after catharsis. 
They were believed by Normand, their dis- 
coverer, and by Davaine and Perrondto, to 
be the cause of a severe form of dtarrheB 
prevalent in Cochin China, and often accom- 
panied by severe anemia. Mansoo, how- 
ever, claims that they are inniK-nous, al- 
though Davaine found them present in great 
numbers in cases of anemia. 

lately Teissier reported the discovery of 
numerous embryos of niujuillulu in the 
blood of a case of intermittent fever. 
With the expulsion of the worms from thu 
intestine the fever declined and the embryos 
disappeared from the blood. Bucklers re- 
ported IS..") percent of eosinophile celU & 
the blood of one case. 

ANCHYLOSTOMA DUODENALB. 

This pumsito is tif nearly universal c 

tribution in tropical latitudes, and, althouj_ 

located in tlie small intestine, secures its 

nourishment from the blood of the hoat. 

It much resembles the ordinary pin worm 

(oxyuria), being cylindrical in form, 6 to 1 1 

by .4 to .b mm. in dimensions (the femnles 

are somewhat shorter and thicker), and 

1>eing white when alive, gray when dntd, 

^j and re<Idish brown when full of blootl. The 

') head is provided with four hooks by which 

the jjarasite attaches itself firmly to the 

The ova as found in the feces are similar in 

but the yolk globules 




mucous membrane, 

general appetimnce to thoso of boffiriocrp!iali 



are larger. 

The &rtia~corpor»tl drvdoj/nu-jit passes tlir 



iigh several phases, infU 
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tion occurring by the transfer of earth containing the encysted embryos 
to the stomach of the host. Leichtenstem has shown that anchylos- 
Uyina does not require a second host far the completion of its cycle but may 
pass from man to man after a short period of extra-corporeal development. 
Ova appear in the stools within 4 to 5 weeks after the ingestion of the 
embryos. 

Although discovered in 1838 by Dubini, its pathological importance was 
first established by Griesinger who, in 1854, showed it to be the specific 
agent in the so-called ^* Egyptian chlorosis." Later it was identified as the 
cause of many forms of tropical anemia, especially by Wucherer in Brazil, 
and Perroncito in Italy. Through the studies of Grassi, Cinisella, and 
others, anchylostomiasis became known in Italy as the specific cause of the 
anemia of mountaineers, tunnel workers, etc. , while the discovery by Son- 
deregger, and others, of the same parasite in the St. Gothard epidemic called 
general attention to the subject. In Germany the anemia which had long 
since been described by Heise among brickmakers was placed in the same 
class from the discovery of the anchylostoma by Menche, in an epidemic at 
Cologne. From these sources the course of infection was traced to nearly 
all parts of middle Europe. Isolated cases are still occasionally described 
from these regions, while the disease remains epidemic in many tropical re- 
gions. Only imported cases seem to occur in the United States. 

Mode of Infection. — The chief source of infection is by the transfer 
of the embryos to the mouth by dirty hands. The rapid spread of the 
disease and its contagiousness are explained by the rapid development 
of the ovum which, on leaving the host, reaches the encysted form, 
capable of further infection, within one or two weeks. (Manson.) A 
second mode of infection, pointed out by v. Schopf and demonstrated 
experimentally, consists in the inhalation of the encysted larvse in 
dust. In the alkaline fluids of the duodenum the chitinous hull of the 
embryo is dissolved, when the young worm promptly attaches itself to 
the mucosa. Only the plasma appears to be utilized in the nourish- 
ment of the parasite, as undissolved red cells are extruded from the 
anus. (Leichtenstem. ') The number of worms found in cadavers varies 
greatly, but often several hundred are to be counted, the males being 
one-third as numerous as the females. Leichtenstem^ counted as many 
as 3,000 in a fatal case. 

Pathogenic Action. — ^The essential action of the parasite in the causa- 
tion of anemia has been repeatedly shown by the prompt recovery 
which has followed its expulsion. Yet the anemia has progressed in 
some instances after the expulsion of the worm, and a cure cannot be 
assured in the very advanced stages of the disease. The frequent 
losses of blood are undoubtedly a chief cause of anemia, since the 
parasite, though small, is very prodigal of the blood, and the severest 
cases usually show most parasites. Yet there have been many excep- 
tions to this rule, and some fatal cases having shown very few parasites, 
like that of Leichtenstern's in which only 24 were found, it has been 
held that a condition of specific intestinal intoxicaiion is established by 
the growth of the worms. The evidence on which this theory is based 
is, however, very incomplete. Lussana found that the urine in anchy- 
lostomiasis, when injected into rabbits, dissolves red cells much more 
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actively than does normal urine, and Bohland demonstrated that t 
is a very ac-tivc destruction of albumens in this form of anemia. 

Obanges in the Blood. — The anemia passes more or leas ra 
through milder stages, and in severe coses reaches the pernicious gri 

In the majority of instances the condition observed is one of 
chlorotic anemia, with moderate loss of red cells and very marked losanf 
Hb. In cases with over 4 million red cell^ Zappert found 'lO, 40, and 
30 percent of Hb. In many cases, however, llie changes in the blood 
are more severe, and the presence of megalocytes, microcytes, megulo- 
blasts, and increased Hb-index, renders the coudition identical with 
cryptogenic pernicious anemia. 

lu the progretie of the anemia Leichlenstem, distinguished two atagea, 
which can be most clearly traced when the infection fs vorj- active. Th»rv 
is an initial »tage of aeutt anemia, when the parasites are actively changing 
their location in the intestine, which is marlccd clinically by colicy pains 
and bloody diarrhea. Later comes the tiage of chronic antntia, niaintaincd 
by the steady consumption of blood by the parasites aa well as by wune 
intoxication. 

Lencocytosis of moderate grade is frequently observed, especially 
during the early stages. Bucklers found 20,000 white cells in an early 
case, and many others have reported intermediate grades of leucocy- 
tosis. In the severe grades of anemia the leucocytes arc usually di- 
minished, Zappert' finding only 1,800 in one instance. The eneiuo- 
phile cells are nearly always in excess and sometimes reach an extreme 
proportion. This fact was first noted hy Muller and Rieder, and 
Zappert,' but a very high pruportiuu {&.*! percent) as first reoorded 
by Biioklers, while Leichtenstern ' saw cases with 62 and 72 peroeaUt 
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This tapeworm measures from 6—10 meters, occasionally 1 
meters, in length, and is distinguished from all other intestinal 
sites by the combination of a very broad segment and a pigmt 
uterus which occupies a central position in the segment. The 
has neither rostelhim nor booklets. The eggs are oval, .Oo by .035 
ram. with a rather thin double contoured shell, at one end of which is 
a cap, while the undeveloped embryo is found to consist of a number 
of large yellowish globules. Infection occurs hy eating uncooked fisb, 
which is the intermediate host. This practice is confined largely (o 
the French, Swiss, and Italian lakes, the shores of the Baltic and Xorth 
seas, and Japan, hut owing to the long life of the parasite, infected sub- 
jects have i>eeu encountered in many other countries. The writer ob- 
tained four adult specimens from a healthy Swede in New York City, 
who had not been out of the Stale for eleven years. 

The imjMirtance of this parasite in the etiology of pernicious anemia 
was demonstrated by Hofimann, Botkin, Kuncberg, and Schumano, 
and its mode of action has been discussed under the etiology of 
nicious anemia. 
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FILARIABI8. 

Several epecies of nematode worms inbabit the internal Tesaels and 
discharge their embryos into the circulation, giving rise to the condi- 
tion known as filariasis. The embryos of the several species exhibit 
obaracters wbicb should render possible their accurate identification. 

AcconJing to Manson these features are principally (I) Periodicity 
IB the presence of the embryos in the peripheral blood. FUaria diuma 
appears during the day and disappears at night. Filaria noduma ap- 
pears at night only. Filaria pemtane and Demarqwdi are constantly 
prttsent, both by day and by night. (2) The presence or absence of a 
sheath which characterizes all species 

except FUaria pergtAna. (3) The char- Fio. 30. 

acter of the head and tail ends ; the 
presence or absence of an armature ; 
the blunt or pointed shape ; the length 
of the tapering end. (4) Length, 
breadth, and general appearance of 
body. (5) Character of movements. 
Filaria nociiutia and diuma are lash- 
ing but stationary. Filaria perstang, 
lashing but locomotor. The associated 
patholf^ical condition, the nativity of 
the patient, and the character and loca- 
tion of the parent worm, if found, are 
also important. 

Filaria noctnma. Devalopmental 
Oyde. — The embryo is taken up from 
the blood of the host by the mosquito, 
in whose stomach it becomes rid of its 
sheath, and at the end of six to seven 
days develops in the viscera of the in- 
sect to a length of 1.58 mm., and ac- 
quires four lips and an alimentary 
canal. The further stages between 
this form and the adult filaria of Baa- 
croft have not been traced. The worm 
ia next found in the lymphatics of the 

trunk and extremities, where it was first seen by Bancroft (i^. Ban- 
crofti). Here it measures 70 (males) to 94 mm. (females) in length, and 
looks like an animated white thread. Its movements are active and 
wri^ling, tbe female tending to coil. The young filaria are discharged 
into tbe lymph, and traversing the nodes, reach the blood stream. 
The reason of their exclusive appearance during the night is not known. 

Usually the presence of this worm and its embryos leads to no ap- 
preciable disturbance in the body of tbe host, and numerous cases have 
been discovered entirely by aoradent In some cases chronic inflam- 
mation of the lymphatics results in a variety of pathological conditiona. 
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principally chyluria, lymphangitis, lymph scrotum, etc., and probably 
also to flcpliantiasls Arahum. 

The embryo of filaria noctumn is a sleodor, snake-like worm, 3 by 
,0075 mm. in dimensions, with eharp pointed tail tapering fur about 
one-fifth the leng;th of the body, and a blunt head. The head is com- 
posed of a six-lipped prepuce covering an extensive proboscis on whicJi 
is a protrusible spine. The entire worm is enclosed in a delicate, hya- 
line, transparent sheath, which protrudes beyond head or tail, and within 
which the animal moves. This sheath exhibits fine cross-striations. 
The movements are actively lashing, writhing, coiling and uneoiliii;;, 
bid with Utile or )w lendeiti'^i/ toward locomotion. The movements con- 
tinue for several hours, or until the blood suffers drying. 

Occarrence In the Blood. — The embryos begin to make their appear- 
ance in the blood from five to seven o'clock in the evening. The exact 
hour when they may be foutid most abundantly is much affected by 
the habits of the host. The numbers increase for several hours during 
rest in bed, and after midnight they usually become less abundant, dis- 
appearing at seven or eight in the morning, but an occasional speci- 
men may sometimes be found at any time in the day. This n'lnark- 
able periodicity depends on the habits of the host, since it becomes 
transposed when the subject sleeps in the daytime, and it is considerably 
disturbed by irn^ular habits and by fever. It is also adapted to the 
uuctunml habits of the mosquito. The nutnbrrn of filnrln to fie fount! 
in Uif blood depend upoa the time of the examination and the varia- 
tions in the number of parent worms, but for the same patients they 
are usually quite uniform. From 10 to 50 may be found under one 
cover-glass specimen, but they are often much less abundant. Several 
hours' sesrch through thick blood smeara may be re(]uire<l for the 
demonstration of a single filaria embryo, in cases in which Ihey are 
present though very scarce. It is sometimes to lie observed that the 
results of the blood examination are negative as long as the patient is 
going about, although a moderate number of embryos are found afWr 
the [tatieut has l>cen in bed a few days. Changes in the blood refer- 
able to the presence of filaria embryos are not usually demonstrable 
Even wheu present in enormous numbers and for many years, the 
parasites exert no deleterious action on the red or white cells, and 
anemia, when present, must be referable to secondary causes. 

Hethod of DemonBtration. — On account of the large size and active 
movements of the filaria, examination of the fresh blood may lie reo- 
ommcnded in the search for the para.site when its presence is suspected. 
Fresh specimens prepared in rulhcr thick layers should Ire looki-d over 
with a moderately low power lens. Permanent specimens may be 
securi'd by smearing the blood on glass slides, fixing by heat or alcohol, 
and staiiiiiig by methylene -blue. Canada balsam causes fading after a 
year or mure, and Manson uses glycerine-jelly as a mounting medium. 

Filaria diurna. — In four cases of filariasis occurring in negroes on 
the coast of Africa, M.iuson observed filariu, resembling ^An-m niWumn, 
ill the blood only between 8 a. m. and 9 p. m. He suggests that the 
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filaria loa is the parent form^ since one of his cases had previously 
suffered from this parasite, and that the " mangrove fly '^ is the inter- 
mediate host. 

Filaria perstans. — In some portions of the west coast of Africa 
Hanson found that two-thirds of the natives are infected with a spe- 
cial form of filaria. The embryos are thinner and longer than Filaria 
noctumay 23 by .0045 mm. ; they lack a sheath, execute movements, 
often very rapid, of hcomotiony occur in much smaller numbers in the 
blood, and are found both by day and by night. 
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ADDENDUM. 



JENNER'S STAIN. 

Jenner's method of fixing and staining blood has now withstood 
8u£Bcient trial to warrant its acceptance as one of the most important 
recent methods in blood-technics. The specimens are fixed and stained 
in the same solution, which is prepared as follows : Equal parts of 1.2 
percent to 1.25 percent of watery solution of Grubler's yellow water- 
soluble eosin, and of 1 percent watery solution of Grubler's medicinal 
methylene-blue are mixed together in an open basin, thoroughly stirred, 
and allowed to stand 24 hours. The mixture is then filtered, dried 
in the air, or oven at 55° C, the filtrate powdered, shaken up with 
distilled water, and washed on a second filter. It is again dried, 
powdered, and stored in bottles for use. The stain is prepared by dis- 
solving 0.5 gram of the powder in 100 cc. pure methyl alcohol 
(Merck^s " for analytical purposes "). 

Very thin smears of blood, made on thoroughly clean slides, are 
dried in the air. The dye is poured on the specimen, and staining is 
complete in one to three minutes. The specimens are washed, pref- 
erably in distilled water, till of a pink color, which usually appears in 
ten seconds. All the cells, their nuclei, and the various granules, are 
well differentiated, while the malarial parasite is densely stained and 
only in the larger parasites does the chromatin fail to appear deeply 
red stained. For this last purpose the method is inferior to Nocht's. 
(See Lancet, 1899, I., p. 370.) The powder or fluid dye may be 
obtained from New York dealers. 
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ABSCESS, 284 
of liver, 340 
AbflorptioD, effects on blood, 349 
Acetonemia, 71 
Acidemia in carcinoma, 373 
Acidity of blood, 79 
ActinomycofliB, 291 
Addison's dis^ue, 325 
Albumens of serum, 62 
Albumoee, occurrence in blood, 65 
Alexines, 119 

Alkalescence of blood, Engel' s alkalimeter, 

52 
estimation of, 51 
Limbeck's method, 53 
Lowj's method, 52 
Schiutz-Schultzenstein' s 

method, 53 
Wright* 8 method, 53 
in carcinoma, 373 
in cholera, 351 
in diabetes, 324 
in fever, 245 
ffeneral factors in, 77 
in gout, 327 
in hemoglobinemia, 319 
in leukemia, 217 
in uremia, 365 
Analyses of blood, interpretation of, 17 
And^loBioma duodenaU, 418 

anemia from, 177 
Anemia, from Boihrioemhaiut UUuSf 176 
changes in blood, 234 
infantum nseudo-leukemica, 233 

pathological anatomy, 234 
lymphatic, 146, 299 
progressive pernicious, 172 

changes in blood in, 187 
cnemistry, 187 
Hb, 188 
leucocytes, 192 
red cells, 189 
etiology, general, 174 

special, 176 
gastro-intestinal diseases and, 

179 
hemorrhages as a cause of, 

178 
historical, 172 
malaria as a cause of, 179 
marrow lesions ii), 182 
nervous system in, 182 
pathogenesis of, 186 
after pregnancy, 178 
r^sum^ 01 chitt facts, 193 



Anemia, progressive, scope of term, 175 
typhoid fever as a cause of, 
179 
secondaiy, eosins in, 137 

origin of, 101 
of V. Jaksch, 233 

significance of, 235 
AnautUula tUrcoraUt^ 418 
Annydrsemia, 17 
Anthrax, 291 
Anti-albumid, 61 
Antifebrine poisoning, 316 
Antipyrine j^oisoninff, 316 
Antitoxine, m diphtheria, effects'on blood, 

257 
Appendicitis, 283 
Arsenic, effect on red cells, 96 
Arseniuretted hydrogen, poisoning by, 

315 
iisoorts, 417 
Ascites, 341 

Ash of blood, inorganic principles, 66 
Asphyxia, 355 
Asthma, 356 

eoeinophilia in, 356 

BACTERIA, action of, on blood, 245 
in blood of pneumonia, 254 

in cholera, 352 

in chorea, 335 

in endocarditis, 360 

in influenza, 290 

in leprosy, 305 

methods of examining blood for, 283 

in purpura hemorrhagica, 308 

in rheumatism, 286 

in scarlet fever, 262 

in scurvy, 312 

in septic processes, 282 

in tuoerculosis, 303 

in typhoid fever. 267 
Bactericiaal action of blood, 121 
Barlow's disease, 313 
Basedow's disease, 336 
Basic capacity of blood, 79 
Basophilia, perinuclear, Neusser's, 114 
Baths, cold, in typhoid fever, 265 
Beri-beri, 335 
Bibliography, carcinoma, sarcoma, 375 

chemistry, 79 

chlorosis, 171 

constitutional diseases, 331 

development of blood cells, 160 

diphtheria, 268 

eosinophilia, 148 
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tBibliographj, ezanthems, 2d8 

fever, 246 

general physiology, 56 

heart, 366 

hemopoietic system, 352 

hemorrhagic diseases, 320 

infectious diseases, miscellaneous, 291 

Y. Jaksch anemia, 237 

kidneys, 366 

leprosy, 305 

leucocytes, leucocytosis, 134 

leukemia, 220 

lungs. 366 

lymphocytosis, 148 

malaria, 409 

morphology and physiology, 103 

nervous and mental diseases, 336 

parasiUc diseases, 423 

pernicious anemia, 195 

pneumonia, 268 

pseudo-leukemia, 231 

relapsing fever, 413 

splenectomy, 241 

syphilis, 305 

tuoerculosis, 305 

typhoid fever, 268 

Widal's test, 278 
Bile, effects of, on blood, 837 
BUhania hemcUolnaj 416 
Blackwater fever, 317 
Blood-dust, 114 
Blood plates, chemistry of, 62 
development of, 159 
Blood-smears, fixation of, 44 
Bones, tuberculosis of, 302 
BothrioeepheUua latuSy 420 

anemia from, 176 
Breast, carcinoma of, 371 
Bums, 314 

CARBONIC DIOXIDE, occurrence in 
bloody 78 
Carbonic oxide Hb, chemistry of, 60 
spectnim of, 25 
poisoning, 316 
Carcinoma, 368 

acidemia in, 373 

alkalescence in, 373 

of esophagus, 342 

of breast, 371 

of liver, 339 

special factors in anemia of, 370 

specific gravity in, 372 

of stomach, 346 

digestion Icucocytosis in, 123 
Charcot-Leyden crystals in leukemia, 217 
Chemistry of blood, 69 

in diabetes, 323 

in gout, 326 

in leukemia, 217 

in myxedema, '^31 

in nephritis, 363 

in osteomalacia, 327 

in pernicious anemia, 187 

in pneumonia, 249 

in rachitis, 330 



Chemistry of blood, in septic 
281 

in tuberculosis, 302 

in uremia, 365 
Chemotaxis. 116 
Children, blood in vaccinia, 260 

digestion leucocytosis in, 124 

eodns in blood of, 137 

gastro-intestinal diseases of, 344 

syphilis in, 297 
Chlorosis, 163 

chembtry of, 167 

eoeins in, 137 

etiology, 163 

Hb, 165 

iron in, 163, 168-170 

leucocytes, 169 

marrow in, 165 

nervous system in, 164 

nucleated red cells, 167 

peeudo-, 170 

red cells of, 166 

regeneration of blood, 168 

specific gravity, 165 

thyroid, 336 

varieties of, 169 
Cholelithiasis, 340 

Cholemia, occurrence and detection of, 72 
Cholera, 350 

alkalescence in, 351 

bacteria in, 352 

infantum, lymphocytoeia of, 344 
Chorea, 385 

bacteria in, 335 
Chromic acid poisoning, 316 
Cirrhosis of liver, 340, 341 
Coagulability, determination of, 53 

in hemoglobinemia, 319 
C'oagulation^ in blood of fever. 244 
Cold, effect in concentrating blood, 19 
Colitis, 350 

Concentration of blood, effect of cold on, 19 
of electricity on, 19 
of massage on, 19 
Coi^ugation of malarial parasites, 400 
Oonatitutio lymphaticoy in leukemia, 202 
Constitutional diseases, 322 
Convulsions, 334 

DEFIBRINATED blood, transfusion of, 
315 
Depletion, effects of, on blood, 349 
Dementia, 333 

Development of blood cells, 149 
Diabetes, 322 

alkalescence in, 324 

Bremer's reaction in blood of, 54 

chemistry of, 323 

glycogen in, 324 

jecorin in, 324 
Diarrhea, a^O 

Diarrheal diseases, polyc3rthemia of, 98 
Diastatic ferment, 71 
Digestion, effect on red cells, 90 

leucocytosis, 123, 348 
Diphtheria, 255 



INDEX, 



427 



Diphtheria, antitoxin in, effects of, on 
blood, 267 

degeneration of leucocytes in, 257 

lymphocytoeis in, 257 
DiaUma nemaicbium^ 416 
Diy specimens, 46 
Duodenal ulcer, 349 
Dysentery, 360 
Dyspepsia, 343 

ECHINOCOCCUS, in liver, 341 
Electricity, effect in concentrating 
blood, 19 
Emphysema, 366 

Empyema, complicating pneumonia, 252 
Endocarditis, 357 

bacteria in, 360 

malignant, 359 

polycythemia of, 94 
Eosinophilia, 137 

in anchylostomiasis, 420 

with ascaridcs, etc., 418 

in asthma, 356 

in diaffnoeis, 142 

in leuKemia, 213 

marrow-changes in, 141 

origin and significance, 141 

in pneumonia, 252 

post-febrile, 139 

m rachitis, 327 

relation to lymphocytosis, 147 

in sarcoma, 374 

in scarlet fever, 262 

in trichinoflis, 415 
Eosinophile cells, chemistry of, 159 

development of, 158 

estimation of, 38 

proportions, 111 
Epilepsy, 333 

lymphocytosis in, 334 
Erysipelas, 285 
Esophagus, lesions of, 342 
Exanthemata, 259 

eosins in, 139 

FAT, demonstration of, 56 
occurrence and estimation of, 71 
Ferment, glycolvtic, 324 
Ferrometer, JolW, 45 
Fever, alkalescence in, 245 

blood in, 243 

hemocytolysis in, 243 
Filariasis, 421 

Fixation of blood-smears, 47 
Fla^llate bodies, preparation of, 378 
Fleischl's hemoglobinometer, 39 

GASTRITIS, 343 
Gastro- intestinal diseases, and perni- 
cious anemia, 179 
Glanders, 291 

Glucose, occurrence and estimation of, 69 
Glycogen demonstration of, 65 
in diabetes, 324 
in leukemia, 217 
occurrence, 69 



, Glycogen in pneumonia, 263 
Glycolytic ferment, 324 
Granules, Ehrlich's, 108, 110 
Gonorrhea, 288 

eosins in, 140 
Gout, 326 

alkalescence in, 327 

chemistry of, 326 

eosins in, 140 

uric acid in blood of, 326 
Gower's hemoglobinometer, 39 
Graves' disease, 336 
Guiacol, poisoning by, 315 

HB, hemoglobin, 24 
chemistry of, 59 
spectrum of, 24 
Heart, congenital disease of, 361 

diseases of, 367 
Hemameba immaeuUUa, 395, 390 
Hematin, chemistry of, 61 

spectrum of, 25 
Hematocrit, 26 
Hematocytometer, 30 

Oliver's, 35 

Thoma's, 30 

directions for using, 32 
sources of error, 34 
Hematoidin, chemistry of, 61 

in globulicidal serum, 64 
Hemocytolosis, 314 

in fever, 243 
Hemoglobineniia, 60 

alkalescence in, 319 

coagulability in, 319 

malarial, 317 
Hemoglobinometer, 38 

Fleischrs, 39 

Gower's, 39 

Miescher's, 41 

Oliver's, 43 
Hemoglobinuria, 317 
HemoKonia, 114 
Hemophilia, 310 

Hemorrhage, a cause of pernicious ane- 
mia, 178 
Hemorrhage, changes in blood from, 98 
Hemorrhagic diseases, 307 
Hemosiderin, chemistry of, 61 
Histon, chemistry of, 62 
Hydremia, febrile, 244 
Hydrobilirubin, 67 
Hydrocyanic acid poisoning, 316 
Hyperacidity, ^tric, 343 
Hypochondriasis, 335 
Hypoleucocytosis, experimental, 118 

in pneumonia, 252 
Hysteria, 335 

INFLUENZA, 289 

I bacteria in, 290 

Inorganic principles of blood, estimation 

of, 67 
Interpretation of analyses of blood, 17 
Intestinal intoxication in leukemia, 201 
Intestine, diseases of, 349 



428 



INDEX. 



Iron in blood, estimation of, 45 

in chlorosis, 163, 168, 169, 170 ' 

effect of, on red cells, 94 
indications for, 95 
occurrence of, 67 

V. T AESCH, anemia, relation to peeudo- 

V leukemia, 224 
Jaundice, 338 

polycythemia in, 339 
Jeoorin, in diabetes, 324 
Jenner's stain, 424 
Jolles* ferrometer, 46 
Justus' test, 295 

j/IDNEY, diseases of, 361 

LEAD, effects on blood, 97 
Leprosy, 304 

bacteria in, 305 

serum diafnoHis of, 305 
Leucocytes, acute oegeneration, 113 
chemistry of, 61 
chronic degeneration, 113 
classification, 108 
degeneration of, in diphtheria, 257 

in pneumonia, 253 
degenerative changes in, 112, 212-214 
development of, 154 

of varieties, 157 
diminution of neutrophile granules, 

113 
estimation of, 36 

in Hame preparation with red 
cells, 36 
fatty degeneration, 114 
finer stnioture, 109 
fragmentation of bodies, 113 
hyaropic degeneration, 1 14 
morphology, 106 
neutrophile, development of, 157 
nuclear changes, 113 
numbers, 110 
in pathological blood, 107 
pigmented, in malaria, 408 
pol vnuclear, degenerative changes in, 

213 
proportions of forms, 111 
Leucocytoftis, ante-mortem, 130 

in leukemia, 216 
cachectic, 128 

changes in marrow, 117, 119 
clarification, 115 
clinical types, 122 
course of, 118 
digestion, 348, 123 
experimental, 131 
in malaria, 407 
in new-l)om infants, 126 
in phthisis, 301 
post-hemorrhagic, 99, 127 
in pregnancy, 126 
relation to immunity, 119 
significance of inflammatory, 115 
Leukemia, 198 



Leukemia, alkalescence in, 217 
changes in blood, 210 

leacocvtes, 211 

red cells, 210 

in viscera, 204 
Charcot-Leyden crystals in, 217 
chemistry, 217 
diagnosis, 219 
eosins in, 137, 213 
etiologyj 201 
extirpation of roleen in, 240 

glycogen in, 21 7 
istorjr, 198 

intestinal intoxication in, 201 

leacocytosis, ante-mortem, in, 216 

lymphatic, 215 

lymphocytes in, 214 

malaria as a cause of, 202 

marrow in, 204 

mast-cells in, 215 

lyucleins in^ 218 

pathogenesis, 208 

peptone in, 217 

protozoa in, 203 

rachitis as a cause of, 202 

relation to pseudo-leukemia, 226 

resemblance to a neoplasm, 209 

septicemia in, 216 

specific gravity in, 217 

spermin in, 2i6 

stomatitis as a cause of, 202 

syphilis as a cause of, 202 

transformation into pernicious 
mU, 217 

transformations of type, 217 

tuberculin in, 216 

types of myelocytes in, 211 

tyrosin in^ 217 

uric acid in, 218 

variations in blood changes, 216 

xanthin bodies in, 218 
Lipacidemia, 71 
Liver, 337 

abscess of, 340 

acute yellow atrophy of, 341 

cancer of, 339 

diseases of, eosins in, 138, 337 

echinococcus cyst of, 341 

embryonal, nucleated red cells in, 153 

hypertrophic cirrhosis, 340 
Lungs, diseases of, 354 
asphyxiii, IW) 
bronchitis, 357 
emphysema, 356 
eosins in, 137, 356 
Lutein, 67 

Lymphatic leukemia, transformation into 
myelemia, 205 
marrow in, 204 
Lymphocytes, development of, 157 

mrge, in pneumonia, 252 

in leukemia, 214 

degenerative changes in, 214 
large, 214 

peculiar, in pneumonia, 253 

proportions, 111 
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Lymphocytes relation to neutrophile 

cells, 209 
Lymphocytosis in cholera infantum, 344 

m congenital syphilis, 297 

in diphtheria, 257 

in epilepsy, 2M 

experimental, 147 

large cells in, 147 

in malaria, 407 

occurrence of , 144 

origin of, 147 

in rachitis, 329 

relation to eosinophilia, 147 

in sarcoma, 374 

in typhoid feyer, 266 
Lymphoma, 224 
Lymphosarcoma in pseado-leukemia, 225 

MALARIA, 377 
anemia of, 404 

pathogenesis of, 406 
a cause of leukemia, 202 

pernicious anemia, 179 
chronic, 403 
coma in, 402 
conjugation, 400 
crescentic bodies, 396 
deyelopment of parasite in mosquito, 

399 
without diminution of red cells, 403 
eosins in, 139 

estiyo-autumnal parasite, 389 
extirpation of spleen in, 240 
flagellate bodies, 397 
hemamieiba immaculaia, 390, 395 
hemoglobinemla, 317 
leuco^rtosis of, 407 
lymphocytosis in, 407 
nucleus and chromatin of parasites, 

384, 385, 386, 392 
occurrence of parasites in blood, 401 
without parasites in blood, 40^ 
phagocytosis in, 408 
pigment, estiyo-autumnal, 392, 396 
pigmented leucocytes, 408 
quartan parasite, 388 
quotidian parasite, 393 
red cells in, 405 
remittent, 403 

rings, comparison of tertian and es- 
tiyo-autumnal, 333 

estiyo-autumnal signet, 389 

significance of, 382 

tertian, 381 
rosettes, estiyo-autumnal, 391 

quartan, 389 

tertian, 387 
species, plurality of, 392 
technics, 377 
tertian parasite, 381 
typhoid feyer and, 403 
Malta feyer, 290 

serum diagnosis of, 291 
Mania, 333 

Marrow, extrusion of nuclei of red cells 
in, 152 



Marrow, giant cells in, 156 
in chlorosis, 165 

lesions in pernicious anemia, 182, 183 

in leukemia, 204 

in lymphemia, 205 

malarial parasites in, 397 

normal limits of red, 153 
Massage, effect in concentrating blood, 

19 
Mast-cells, deyelopment of, 157 

in leukemia, 215 

occurrence of, 142 

proportions. 111 

staining of, 49 
Measles, 262 

German, 263 

protozoa in, 263 
Megaloblasts, structure, significance, 85 
M^alocytes, occurrence, significance, 84 
Melancholia, 333 
Melanin, chemistry of, 61 
Melena neonatorum, syphilitic, 297 
Meningitis, tuberculous, 302 
Menstruation, red cells in, 90 
Mental diseases, 333 
Mercury, effects on blood in syphilis, 294 

on red cells, 96 
Methemoglobin, chemistry of, 60 

spectrum of, 25 
Methemoglobinemia, 316 
Microcytes, occurrence, significance, 83 
Miescher's hemoglobinometer, 41 
Mosquito, deyelopment of malarial para- 
site in, 399 
Mucinemia in myxedema, 331 
Myelocytes in congenital syphilis, 297 

degeiieratiye changes in, 212, 213 

morphology, 107, 211 

occurrence of, 143 

in pneumonia, 253 

types of, in leukemia, 211 
Myxedema, 330 

chemistry of, 331 

mucinemia in, 331 

thyroid therapy in, 330 



NEPHRITIS, 362 
chemistry of blood in, 363 
eosins in, 138 
Neryous diseases, 333 

eosins in, 138, 333 
influences, effect on quality of 
blood, 18 
system in chlorosis, 164 

in pernicious anemia, 182 
Neurasthenia, 335 ' 

Nitrites, poisoning by, 315 
Nitrobenzol poisoning, 315 
Nocht-Romanowsky method, 370 
Normoblasts, occurrence, significance, 84 
Nucleated red cells, 84 

transformation into discs, 152 
Nuclein, chemistry of, 62 
Nucleins in leukemia, 218 
Numbers of blood cells, 30 
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ABE8ITY, 324 
U Oligocythemia, 97 
Oligoplasmia in cholera, 351 
Oliver's hemoglobinometer, 43 
Osmotic relations of blood, 75 

tension, estimation of, 53 
Osteomalacia, 327 

chemistry of, 327 

eosins in, 140 
Osteomyelitis, 280 
Osteosarcoma, 374 
Oxyhemoglobin, chemistry of, 60 
Oxyuru, 417 

PABASITES, intestinal, eoeins in, 140 
Paresis, 333 
Peptone, in leukemia, 217 

occurrence in blood, 65 
Pericarditis, 287 
Peritonitis, 287 

Pernicious anemia, changes in blood, 187 
in chemistry, 187 
in Hb, 188 
in leucocytes, 192 
in red ceils, 189 
lesions in marrow, 183 
"microcytic,'' 309 
pathogenesis, 186 
progressive, 172 

etiology of. general, 174 

special, 176 
historical, 172 
scope of term, 175 
relation to pseudo-leukemia, 227 
K^um4 of chief facts, 193 
transformation into leukemia, 202 
Phagocytosis in malaria, 408 

relation to immunity, 119 
Phthisis, leucocvtosis in, 301 
Plague, 290 

serum diagnosis of, 290 
Plethora, 17, 91 
Pleurisy, 287 
Pneumonia, 248 

blood of, Imcteria in, 254 
degeneration of leucocytes in, 253 
eosinophilia in, 252 
glycogen in, 253 
hypo-leucocytosis in, 252 
lyniphoeytes, lart^e, in, 252 

|)eculiur in, 253 
mvel(K*vtes in, 253 
toxicity of serum in, 249 
Poikilocytosis, 86 
Poisoning by antifebrine, 316 
by antypyrine, 31 H 
by arseniurette<l hydrogen, 315 
by wirbonic oxide, 316 
by chnimic acid, 316 
by guiacol, 315 
by hydro<*yanic acid, 316 
illuminating gas, polycythemia of, 94 
by nitrit4»s, 315 
by nitrol>enz()l, 315 
by phospliuniH, nolycythemia of, 94 
by ]K)tas.»ium chlorate, 316 



Poisoning by pjrogallol, 316 

by toadstools, 315* 
Polychromasia, 86 
Polycythemia, 91 

after cold baths, 94 

of diarrheal diseases, 93 

of endocarditis, venous stasis, etc, M 

of high altitudes, 92 

of illuminatinff gas poisoning, 94 

in jaundice, 339 

of new-bom infants, 92 

of phosphorus poisoning, 94 
Potassium cnlorate poisoning, 316 
Pregnancy, leucoc>106is of, 125 

pernicious anemia after, 178 

red cells in, 91 
Protozoa, in leukemia, 203 

in measles, 263 

in variola, 260 
Pseudo-leukemia, 223 

acute, 226 

anatomical lesions of, 224 

changes in blood of, 229 

diagnosis of, 230 

history, 223 

infectious origin of, 228 

lymphosarcoma in, 225 

relation of, to leukemia^ 226 
to pernicious anemia, 227 
to tuberculosis, 227 

sarcoma of spleen in, 231 

skin in, 224 

S3rphilis of spleen in, 231 
Psychical emotions, effect on quality of 

blood, 19 
Purges, effect of, on l>lood, 349 
Purpura hemorrhagica, 307 
bacteria in, 308 
non-infectious, idiopathic, 309 
Pyemia, 280 
Pyrogallal poisoning, 316 

QUALITY of blood, effect of nervous in- 
fluences on, 18 
Quantity of blood, 26 

RACHITIS, 328 
as cause of leukemia, 202 

chemistry of, 330 

eosinophilia in, 327 

hy{)erplasia of spleen in, 329 

lymphocytosis in, 327 
Red cells, chemical composition, 59 

development of, 149 

ffranular degeneration, 88 

influence of therapeutic measures 
u]>on, 94 

morphology and physiology, 82 

numbers of, 89 

pathological changes in, 85 

size of, 83 

stainiuK reactions, 82 
Reduced Hb, chemistry of, 60 
lielapsing fever, 411 

senim diagnosis in, 413 
Resistance of red cells in fever, 244 
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Betpiimtion, effects on blood, 354 
Bheomatbm, 285 

bacteria in, 286 

eoeins in, 139 

SALT solution, infusion of, 315 
Sarcoma, 373 

eosinophilia in, 374 
lymphoc^rtosis in, 374 
of spleen in pseudo-leukemia, 231 
Scarlet fever, 261 

eoeins in, 139 
bacteria in, 262 
eosinophilia in, 262 
Scurvy, 311 

bacteria in, 312 
Septicemia, 280 

in leukemia, 216 
Serum, albumens of, 62 
chemistry of, 62 
fflobulicidal action of, 64 
infusion of, 315^ 
inorganic principles of, 63 
specific gravity of, 63 
Semmndiaffnosis in leprosv, 305 
of malta fever, 291 
of plague, 290 
in relapsing fever, 413 
of typhoid fever, 271 
Sex, influence on numbers of red cells, 90 
Skin diseases, eosins in, 139 
in pseudo-leukemia, 224 
Smears of blood, method of preparing, 47 
Snake-poison, 315 
Specific gravity, in carcinoma, 372 
estimation of, 49 

Hammarschlag's method, 49 
Schmaltz's method, 51 
j;eneral variations of, 73 
m leukemia, 217 
of serum, 63 
Spectra of blood pigments, 25 
Spectrophotometer, Glan's, 325 
Spermin in leukemia, 216 
Spindle cells, 159 
Spirillum of Obermeier, 411 
Spleen, aspiration of, in typhoid fever, 267 
epiihaiame primitive of^ 231 
extirpation of, in leukemia, 240 

in malaria, 240 
hyperplasia of, in rachitis, 329 
sarcoma of, in pseudo-leukemia, 231 
Bjrphilis of, in pseudo-leukemia, 231 
Splenectomy, 238 
in animals, 238 
in man, 239 
Staining methods, 48 

dahlia, for mast-cells, 49 
eosin, methylene-blue, 48 
Jenner's, 424 
triacid mixture, 49 
Nocht's, 370 
Stomach, carcinoma of, 346 
digMtion lencocytosis, 123 
dictation of, 344 
diseases of, 343 



Stomach, ulcer of, 345 
Stomatitis, a cause of leukemia, 202 
Suppuration, 281 
Syphilis, 293 

a cause of leukemia, 202 

congenital, 297 

lymphocytosis in, 297 
myelocytes in, 297 

eosins in, 140 

of spleen in pseudo-leukemia, 231 

TECHNICS, 23 
in malaria, 377 
Tenia, 417 

Tests for blood, qualitative, 23 
guiacum, 23 
spectroscopic, 24 
Teichmann's, hemin, 24 
Tetanus, 290 
TeUny, 335 

Thoma's hematocytometer, 30 
Thyroid chlorosis, 336 

therapy in myxedema, 330 
Toadstools, poisoning bv, 315 
Tonsillitis, 287 

Toxicity of serum, in pneumonia, 249 
Transfusion, effects of, 100, 315 
Trichinosis, 415 
Tuberculin in leukemia, 216 
Tuberculosis, 298 
bacteria in, 303 
of bones, 302 
chemistry of, 302 
meningitis, ^^2 

relation to pseudo-leukemia, 227 
Tumors, eosins m blood, 138, 368, 374 
Typhoid fever, 264 

aspiration of spleen in, 267 

bacteria in, 267 

bilious, 413 

a cause of pernicious anemia, 

179 
cold baths in, 265 
lymphocytosis in, 266 
serum diagnosis of, 271 
Typhus fever, 289 
Tyrosin in leukemia, 217 

UREA, occurrence and estimation of, 68 
Uremia, 365 

alkalescence in, 365 
chemistry of, 365 
Uric acid, in blood of gout, 326 
in leukemia, 218 
occurrence and estimation of, 68 
''thread test," 326 

VACCINIA, 260 
blood in, in children, 260 
Varicella, 260 
Variola, 259 

protozoa in, 260 
Varioloid, 259 
Vermiculus, of malaria, 398 
Volume of red cells and plasma, 36 



432 



INDEX. 



WANDERING cells, primary, 154 
Werihoff 's disease, 307 
Whole blood, chemistry of, 64 

qoantitatiye estimation of albu- 
mens of, 65 
Whooping-cough, 287 
Widal^s test, 271 
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BLOXAM (0. L.). CHEMISTRY, INORGANIC AND ORGANIC With 
Experiments. New American from the fifth London edition. In one handsome octavo 
volume of 727 pages, with 292 illustrations. Cloth, $2 ; leather, $3. 

BROOKWAY (FRED. J.). A POCKET TEXT-BOOK OF ANATOMY. 12mo. 
of about 400 pages, richly illustrated. Shortly. 

BRUCE (J. MITOHELL). MATERIA MEDIC A AND THERAPEUTICS. 
New (6th) edtion. In one 12mo. volume of 600 pages. Just ready. Cloth, $1.50, neL 
See StvdenUf Series of Manuals, page 14. 



PRINCIPLES OF TREATMENT. In one octavo volume of 626 pages. Jud 

Ready. Cloth, $3.75, net. 

BRYANT (THOMAS). THE PRACTICE OF SURGERY. Fourth American 
from the fourth English edition. In one imperial octavo volume of 1040 pages, with 727 
illustrations. Cloth, $6.50 ; leather, $7.50. 

BX7R0HARD (HENRY H.). DENTAL PATHOLOGY AND THERAPEUTICS, 
INCLUDING PHARMACOLOGY. Handsome octavo, 575 pages, with 400 illus- 
trations. Cloth, $5 ; leather, $6, neL 

BURNETT (CHARLES H.). THE EAR: ITS ANATOMY, PHYSIOLOGY 
AND DISEASES. A Practical Treatise for the Use of Students and Practitionets. 
Second edition. 8vo., 580 pages, with 107 illustrations. Cloth, $4 ; leather, $5. 

OARTER (R. BRUDENELL) AND FROST (W. ADAMS). OPHTHALMIC 
SURGERY. In one pocket-size 12mo. volume of 559 pages, with 91 engravings and 
one plate. Cloth, $2.25. See Series of Clinical Manuals, page 13. 

OASPARI (OHARLES, JR.). A TREATISE ON PHARMACY. For Students 
and Pharmacists. In one handsome octavo volume of 680 pages, with 288 illustrations, 
aoth, $4.50. 

CHAPMAN (HENRY 0.). A TREATISE ON HUMAN PHYSIOLOGY. New 
(2d) edition. In one octavo volume of 921 pages, with 595 illustrations. Just ready. 
GloCh, $4.25 ; leather, $5.25, neL 
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OHAELES (T. CRANSTOTJW). THE ELEMENTS OF PHYSIOLOGIC AZ 
AND PATHOLOGICAL CHEMISTRY. In one handwiue octavo »oluiii«of 461 
pages, wilh 38 engraBingB sntJ 1 colored plate. (^'loUi, f3.o0. 
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OHEYNE tW. WATSON) AND BtJKQHAED (F. F.)- SURGICAL TREAT- 
MENT. Id seven octaro Tolumes, ilhixtraled. Volume I, juH nady. 209 pagta to6 
66 engravings. C]oth, (3.00, nrf. Volume II, jtuif rrWy. 3h2 pitget-, 141 eDgravlniti. 
Clolb, HW, ml. Volume III. Juil Rrady. 300 pagtt, 100 engrBvingH. OoUi. flWt, Ml 
Vol. IV. In PrtfK 

OLAEKE (W. B.) AND LOOKWOOD (C. B.). THE DISSECTOR'S MANUAL. 
In one ISuio.Totunieof 396 p8geH,>>ith 49 engravingH. Cloth, (1.60. Set ShtiaU^ Sirim 

of Majiualt, page 14. 



OLINIOAL MANUALS. See Stria of Cli«irol M-a«^U, pi«e 13. 



CLOWES IFBANK). AN ELEMENTARY TREATISE ON PRACTICAL 

CHEMISTRY AND QUALITATIVE INORGANIC ANALYSIS. From Uw 

fourlh English edition. In one handsome 12in«. volume of 3ST [mgo, wilh 56 cngrar- 

ingx. <.:tolh, (2.50. 

OOAKLEY (CORNELIUS O.). THE DIAGNOSIS AND TRE.iTMENl OF 
DISEASES OF THE NOSE, THROAT, NAS0-PH.1RYNX AND TRACHEA. 
In one I'laui. volume o( 62G psgee, irilli 02 engravingH, and 2 colored plate*. 



COLEMAN (ALFRED). A MANUAL OF DENTAL SURGERY AND PATB- 
OLOGY. Wilh Notes and AddiliooB to adapt U to AiuericMi PnuHice. Bv Tui* C 
Stki.i,wa<«icn, M.A., M.ll., D.U.S. In one handsome ocMvo volume of 412 
331 eugnvtngB. Cloth. (3.25, 
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COLLINS iH. D.) AND ROOEWELL (W. B., JR.). A POCKET TEXT- 
BOOK OF PIIYSIOL'IGY. 12i<i(>., of 3I<1 iiagm. with 153 illuuntlon*. Jml 

Really. Cloth. (l.oO, n-I : (leiible red IcBlhef, »2.W, net. 



OORNIL (Vj. SYPHILIS: ITS MORBID ANATOMY, DIAGNOSIS 
TREA TMENT. Translated, with Notes and Additions, bj J. Hcnxy C. SiMW, 
and J. WiujAU Wbite, M.D. In one 8vo. volume of 4<il puM, with 64 illiMlmii 
Ootb, IS.76. 
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OBOOKETT (M. A.). A POCKET TEXT-BOOK OF DISEASES OF 
WOMEN. 12mo. of 368 pages, with 107 illustrations. Just Ready. Cloth, $1.50, net. 
Flexible Red Leather, $2.00, neL 

OBOOK (JAMES K.). MINERAL WATERS OF UNITED STATES. OcUvo 
574 pages. Just ready. Cloth, $3.50, net. 

OXTLBBETH (DAVID M. B.). MATERIA MEDICA AND PHARMACOLOGY. 

New (2d) edition. In one handsome octavo volume of 881 pages, with 464 engravings. 
Cloth, $4.50, net. Jwtt Ready. 

OUSHNT (ABTHUB B.) A TEXT-BOOK OF PHARMACOLOGY AND 
THERAPEUTICS. Octavo of 728 pages, with 47 illustrations. Qoth, $3.75, neL 

DALTON (JOHN 0.). A TREATISE ON HUMAN PHYSIOLOGY. Seventh 
edition, thoroughly revised. Octavo of 722 pages, with 252 engravings. Cloth, $5; leather,$6. 



DOCTRINES OF THE CIRCULATION OF THE BLOOD. In one hand- 
some 12mo. volume of 293 pages. Cloth, $2. 

DAVENPOBT (P. H.). DISEASES OF WOMEN. A Manual of Gynecology. 
For the use of Students and General Practitioners. New (3d ) edition. In one hand- 
some 12mo. volume, 387 pages and 150 engravings. Cloth, $1.75, net 

DAVIS (F.H.). LECTURES ON CLINICAL MEDICINE. Second edition. In 
one 12mo. volume of 287 pages. Cloth, $1.75. 

DAVIS (EDWABD P.). A TREATISE ON OBSTETRICS. For Students and 
Practitioners. In one very handsome octavo volume of 546 pages, with 217 engravings^ 
and 30 full-page plates in colors and monochrome. Cloth, $5; leather, 



DE LA BEOHE'S GEOLOGICAL OBSER VER. In one large octavo volume of 700 
pages, with 300 engravings. Cloth, $4. 

DENNIS (PBEDEBIO.S.) AND BILLINGS (JOHN S.). A SYSTEM OF 
SURGERY. In Contributions by American Authors. In four very handsome octavo 
volumes, containing 3652 pages, with 1585 engravings, and 45 full-page plates in colors 
and monochrome. Per volume, cloth, $6; leather, $7; half Morocco, gilt back and 
top, $8.50. For aale by mbseription only. Full prospectus free. 

DEBOUM (PBANOIS X.). Editor. A TEXT-BOOK ON NERVOUS DIS- 
EASES. By American Autnors. In one handsome octavo volume of 1054 pages, with 
841 engravings and 7 colored plates. Cloth, $6 ; leather, $7, net 

DE SOHWEINITZ (GEOBGE E.). THE TOXIC AMBLYOPIAS; THEIR 
CLASSIFICATION, HISTORY, SYMPTOMS, PATHOLOGY AND TREAT- 
MENT. Very handsome octavo, 240 pages, 46 engravings, and 9 full-page plates in 
colors. Limited edition, de luxe binding, $4, net. 

DBAPEB (JOHN 0.). MEDICAL PHYSICS. A Text-book for Students and Prac- 
titioners or Medicine. Octavo of 734 pages, with 376 engravings. Cloth, $4. 

DBXJITT (BOBEBT). THE PRINCIPLES AND PRACTICE OF MODERN 
SURGERY. A new American, from the twelfth London edition, edited by Stanley 
BoTD, F.R.C.S. Large octavo, 965 pages, with 373 engravings. Cloth, $4 ; leather, $5. 

DUANE (ALEZANDEB). A DICTIONARY OF MEDICINE AND THE 
ALLIED SCIENCES. Comprising the Pronunciation, Derivation and Full Explan- 
ation of Medical, Dental, Pharmaceutical and Veterinary Terms. Together with much 
Collateral Descriptive Matter, Numerous Tables, etc. New (3d) edition. Square octavo 
volume of 652 pages with 8 colored plates. Just Ready. Cloth, $3.00, net; limp 
leather, $4.00, net. 

DUDLEY (E.G.). A TREATISE ON THE PRINCIPLES AND PRACTICE 
OF GYNECOLOGY. For Students and Practitionere. New (2d) edition. In one 
very handsome octavo volume of 717 pages, with 453 engravings, of which 47 are 
colored, and 8 full pasre plates in colors and monochrome. Just Ready. Cloth, $5.00, net; 
leather, $6.00, net; half morocco, $6.50, net. 

DX7N0AN (J. MATTHEWS). CLINICAL LECTURES ON THE DISEASES 
OF WOMEN. Delivered in St. Bartholomew's Hospital. In one octavo volume of 
176 pages. Cloth, $1.50. 
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DUHaLIBON (EOBLEY). A DICTIONABT OF MEDICAL SCIENCE. 

taining a futl EipUnation of the Various SubiecUi and Terms of Anatomy, Phmiolan, 
Medical Chemiiilrj, Phu-macy, PbarmacoloKy, TherepeuticK, Medidoe, Hrgiene, Uictatlci. 
Pathology, Surnerj, Ophthdlinology, Otology, LarjrigologT. DenualAlo^, Gjatcolagt, 
ObatetricH, Pedialrics, Medical Jurisprudeiice, Deuliittry, Veterinary ScieDC<-j Mc, Mc. 
By KtiBLEY Ddkuoson, M.D.. LL.D., late Frofewor of Institulceof Medicine in the 
JeflenoD Medical College of Philadelphia. Edited by RirnAHU J. DCKatJsnN, A.M., 
M.D. Twenty-second edition, thoroughly revbed and greatly enlarged and Improtcd, 
with the Pronundalion, AccentualioD and Derivation o( the Terms. With AppMldls. 
Imperialoctavoof 1350 pagm, with thumb letter iixlei. JiM rrxdj/. l.'1olh, (T.UO, i ' 
leather, f ^i.OO, nd. TkU fdUlm <v,r-toi*.>i ym-lrail ff Ih. R,blfy Du,tyli$^,i. 

DDKHAM lEDWAED K.). MORBID AND NORMAL HISTOLOOY 
<50 pasres, with 360 illiuttrationi. Cloth, $3,25, nrf. 

NORMAL HISTOLOOY. New l2d) edition. Octavo, 319 pagw, with 

illustrationn. Juil Rrady. Ctolh, $2.G0, juL 

EDE8 lEOBEET T.). TEST-BOOK OF THERAPEVTICS AND MATEBIA 
MEDICA. InonegTo. volume of 644 pagen. Cloth, $3.50; leather, $4.60. 

EDIS lABTHUB W.I. DISEASES OF WOMEN. A Manual for Student* and 
Praititioneni. In .me handsome 8vo, volume of 676 pages, with 148 engnvingi. 
Cloth, t3; liiullier. (4. 

EGBERT ISENECA). HYGIENE AND SANITATION. In one ISmo. votunie of 
S69page>, with C^ illustrations. 

ELUS (QEOROE VINEK). DEMONSTRATIONS IN ANATOMY. B^ • 
Guide to the Knowledge of the Human Body by Dissection. From the eighth and itnSmt 
Englixh edition. OcUvo, Tit) pages, with 249 engravingti. Cloth.C4J6; louher, M.26. 

EMMET (THOMAS ADDIfl). THE PRINCIPLES AND PRACTICE OF 
YNJCCOLOG y. For the use of Students and Practitioners. Third edition, eniarfRd 
and revised. 8to. of 880 pagw, with 150 original mgnvinga. Cloth, $6; leather, |ti. 

EEI0H8EN (JOHN E.I. THE SCIENCE AND ART OF SURGERY. A ne» 
Anieriouii from the eighth eiilai^d and revised I^ondon edition. In two large odaro 
volume?' tun tain ill); 231<t pagcH, with tiH4 engravings. Cloth, tO ; iMlher, f 11. 

EB8I0 (CHARLES J.l. PROSTHETIC DENTISTRY. New (2.1 1 Edition. Sm 

Amrriom Iril-boolu of DtntiUrg, page 2. 

EVANS (DAVID J.l. A POCKET TEXT-BOOK OF OBSTETRICS. Iftoo. 

or4iiOi>age', with 14^ illuetntions. Cloth, $1.76, n<t,- limp leather, $2.25, twf. Jvlmuty. 
EWINQ (JAMES). .1 PBACTIC.iL TREATISE ON THE BLOOD. Uaai- 

some uclnvo of alxjul 600 pi^e«, with mnny illustrations. I'rrparmy. 
FAEQUHAESON (ROBERT). A GUIDE TO THERAPEUTICS. Fouitli 

AniHrican from fourth English edition, reviaed by Frank Wdodbcrv, M.D. In oiM 

t2mo. volume of 581 page*. Cloth, $2.60. 

FIELD (OEOROE P.). A MANUAL OF DISEASES OF THE EAR. Koortfc 
edition. Dctava, 391 pagw, with 73 engravings and 21 colored plalea. Cloth, $3.75. 

FLINT lAUBTINJ. A TREATISE ON THE PRINCIPLES AND PRACTICE 
OF MEDICINE. New t7th| edition. Ihoroughlv revised by FiutDWMt^ P. IIkxrt, 
U.D. In one large 8vo. volume of 1143 pages, with engravingd. Clolb, %6; leatliar. 96. 

A MANUAL OF AUSCULTATION AND PERCUSSION; of the PW- 

cal DiagnouB of Diseaaa of the Lungs and Heart, and of Thoradc Aneurism. Fifth 
edition, reviaed by JAJirs C. Wilson, M.D. In one handsome 12mo. volume of 274 
pagn, with 12 engraTinga. 

A PRACTICAL TREATISE ON THE DIAONOSIS AND TREAT- 
MENT OF DISEASES OF THE HEART. Second edition, enlarged. In om 
octavo volume of 560 pages. Cloth, $4. 

A PRACTICAL TREATISE ON THE PHYSICAL EXPLORATION 

OF THE CHEST, AND THE DIAGNOSIS OF DISEASES AFFECTINO 
THE RESPIRATORY ORGANS. Second and tevleed •dition. In ooeoctan* vi ~ 
nme of 681 page*. I.'loth, $4.60. 
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MEDICAL ESSA YS. In one 12mo. volume of 210 pages. Goth, $1.38. 

ON PHTHISIS: ITS MORBID ANATOMY, ETIOLOQ F, ETC. A Series 

of Clinical Lectures. In one 8vo. volume of 442 pages. Cloth, $3.60. 

F0L80M (0. P.). AN ABSTRACT OF STATUTES OF U. S. ON CUSTODY 
OF THE INSANE, In one 8vo. volume of 108 pages. Cloth, $1.60. With CUmsUm 
on Mental Disaues (see page 4), at $6.00, net, for the two works. 

FOBMULABY, THE NATIONAL. See StUU, MatBch A Caapan^s Natumcd Diapm»ar 
tory, page 14. 

FOBMULABY, POOKET. See page 1. 

FOSTEB (MIOHABL). A TEXT-BOOK OF PHYSIOLOGY. New (6th) and 
revised American from the sixth English edition. In one large octavo volume of 923 
pages, with 267 illustrations. Cloth, $4.60 ; leather, $6.60. 

FOTHEBGILL (J. MILNEB). THE PRACTITIONER* S HAND-BOOK OF 
TREATMENT. Third edition. In one handsome ocUvo volume of 664 pages, 
aoth, $3.76 ; leather, $4.76. 

F0WNE8 (GEOBGE). A MANUAL OF ELEMENTARY CHEMISTRY (IN- 
ORGANIC AND ORGANIC). Twelfth edition. Embodying Watts' P%»ea2 oiid 
ifioroanie Chemutrv. In one royal 12mo. volume of 1061 pages, with 168 engravings, and 
1 colored plate. Cloth, $2.76 ; leather, $3.26. 

FBANKLAND (E.) AND JAPP (P. B.). INORGANIC CHEMISTRY. In one 
handsome octavo volume of 677 pages, with 61 oigravings and 2 plates. Cloth, $3.76 ; 
leather, $4.76. 

FULLEB (EUGENE). DISORDERS OF THE SEXUAL ORGANS IN THE 
MALE. In one v^ handsome octavo volume of 238 pages, with 26 engravings and 
8 full-page plates. Cloth, $2. 

FULLEB (HENBY). ON DISEASES OF THE L UNGS AND AIR-PASSAGES. 
Their Patnologj, Physical Diagnosis, Symptoms and Treatment From second Englidi 
edition. In one 8vo. volume of 476 pages. Cloth, $3.60. 

OALLAUDET (BEBN B.). A POCKET TEXT-BOOK ON SURGERY. 
12mo. of about 400 pages, with many illustrations. Shortly. 

OANT (PBEDEBIOK JAMES). THE STUDENTS SURGERY. A Multum in 
Pkrvo. In one square octavo volume of 846 pages, with 169 engravings. Cloth, $3.76. 

OEBBISH (PBEDEBIO H.). A TEXT-BOOK OF ANATOMY. By American 

Authors. Edited by Fbkdebic H. Qebrish, M.D. In one imp. octavo volume of 916 

Mges, with 960 illustrations in black and colors. Cloth, $6.60; flexible water-proo^ 
$7 ; sheep, $7.60, neL 

OIBBES (HENEAGE). PRACTICAL PATHOLOGY AND MORBID HIS- 
TOLOG Y. Octavo of 314 pages, with 60 illustrations, mostly photographic Cloth, $2.76. 

OOULD (A. PEABOE). SURGICAL DIAGNOSIS. In one 12mo. volume of 689 
pages. Cloth, $2. See Sivdenttf Series of Manuals, page 14. 

OBAY (HENBY). ANATOMY, DESCRIPTIVE AND SURGICAL. New 
American edition thoroughly revised. In one imperial octavo volume of 1239 psges, 
with 772 large and elaborate engravings. Price with illustrations in colors, clotn/$7 ; 
leather, $8. Price, with illustrations in black, cloth, $6 ; leather, $7. 

OBEEN (T. HENBY). AN INTRODUCTION TO PATHOLOGY AND MOR- 
BID ANATOMY. New (9th) American from ninth and revised English edition. 
Oct 666 pages, with 339 engravings and 4 colored plates. Cloth, $3.26, net. Just ready. 

OBEENE (WILLIAM H.). A MANUAL OF MEDICAL CHEMISTRY. For 
the Use of Students. Based upon Bowman's Medical Chemistry. In one 12mo. volume 
of 310 pages, with 74 illustrations. Cloth, $1.76. 

OBINDON (JOSEPH). A POCKET TEXT-BOOK OF SKIN DISEASES. 
12ma of 350 pages, with many illustrations. Shortly. 

OBOSS (SAMUEL D.). A PRACTICAL TREATISE ON THE DISEASES, 
INJURIES AND MALFORMATIONS OF THE URINARY BLADDER, 
THE PROSTATE GLAND AND THE URETHRA. Third edition, revised by 
Samuel W. Gross, M.D. Octavo of 674 pages, with 170 illustrations. Cloth, $4.60. 
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HABEEBHON (8. 0.). Oy THE DISEASES OF THE ABDOMSy.c 

tfacwe of the Stoioach, (EM>pIiaffii», Owhiq, Intestinal and Peritoneum. Hecond unw 
ican torn the third English ediUoD. In one octavo volumeuf 554 imgeH, with 11 en|(nir- 
bgH. Clotb, f3.50. 



HAMILTON (ALLAN McLANEl, yERVO US DISEASES, THEIR DESCl 
TION A\n THEATMENT. Second and revised odi lion. ' 

5QH piges, with 7'J eiisraTines. Cloth, $4. 

HAKDAWAY (W. A.l. MANUAL OF SKIN DISEASES. New (2d) e.litioii. 

l2ino., be.i> |>ng€« with 41) illuNlretionx and 2 colored |>tiit«8. Cloth, (2.26, itei. 

HARE (HOBAET AMORT). A TEXT-BOOK OF PRACTICAL THBBA- 
PBIJTJCS, with -Special ReTereDce to the Application of Kemedial Mobsutm to HaoaN 
and their EmploTmenI upon a BationaJ Bivd&. With articlei on varioua nibjecta b^ ««I1- 
knoWD »pecia'i«l8. New <8th) and tevised edition. In one octavo volume of 790 M|W| 
witb37 engravings andScolorcdplateB. JiM Rta/ly. Cloth, HOO, <wt; leathcr,96.W.aA 

PRACTICAL DIAOyOSIS. The L're of Symplonu. in the IHa«n<Mi> of DU- 

eaw. New (4th | ediiioD, reviwd and enUrged, In one oirtavo volome of 6S3 (iigi% 
with 205 engravingii, and 14 full-page plates. Cloth, f5, nM. 

Editor. A SYSTEM OF PRACTICAL THERAPEUTICS. By Americn 

■nd Foreign Authon. In a aeries of contributioon hj eminent practitionere. In four 
large octavo volumes compri^ung 4f)00 pagen, with 476 engravings. Vol. IV,, nov ruajf. 
B«iular price, Vol. IV., cloth, (8; leniher, $7; half R^wi^ $3. I'rice Vol IV. Ib 
former or new aubscribers to complete work, cloth, (5; leather, $11; half Runia, 
Complete work, clolh, $20 ; leather, $24 ; half Riuaia, $28. For laie by ' ' ' 
Full pru9|)ectns free on application to the publiBhera. 
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HAETBHORNE (HENBTl. ESSF.yTIALS OF THE PRINCIPLES AND 
PRAVTWE OF MEDICINE. Fifth edition. In one 12ino, volume. 000 [ 
with 144 engravings. Cloth, $2.75; half bound, $3. 

A HANDBOOK OF ANATOMY AND PHYStOLOOY. In one I 

Tolotne of 310 pagea, with 220 engravingn. Cloth, $1.75. 

A CONSPECTUS OF THE MEDICAL SCIENCES. Comj.rising ._ 

of Analomj', Ph/itioloB'i (-'bemidtry, &lal«ria Medici, I'tacUce of Mediaoe, iiatmrf 
Ohntelrics. Sei-ond edition. In one roval 12mo. volume of 1028 i>agea, with 477 H 
tj>tion». Cl«th,$4.2.^; le«ther,$6. 






HATDEN [JAMES R.). A MANUAL OF VENEREAL DISEASES. New 
edition. In one 12mo. volume of 304 pages, with 54 engiavinpi. Cloth, $1.50, mt 

HATEH lOEOROES] AND BAKE (H. A.l. PHYSICAL AND NATURAL 
THERA PEUTICS. The Kemeriial IW of Heal, Electricity, ModificaUoni. of AIiik» 
pheric Procure, Clima(» and Mineral Wolcra. Edited hr Prof H. A. U*Ri.H.a 
In one oi'lavo volume o( 414 f"?"*, *ith 113 engravings. Cloth, $3. 

HERMAN (O. ERNEST I. FIRST LINES IN MIDWIFERY. I2mo„ 1»8 

with sii .■nenivingn. Clolli, $1.2-^ Six Studtn/J Serift^ Mianiab, paj 

HERMANN (L.). EXPERIMENTAL PHARMACOLOGY. A Handbook ofJ 
Meihi'dK for I >i.-terimning the Phv«iological Actionn of Drugs. TrannLiled bjr 
Mr.Ai>K Smith, 51, D, In one 12mo. vol. of ItfS pago, with .12 engraving, aoth,: 

HESRICK (JAMES B.i. A HANDBOOK OF DIAGNOSIS. In 

12mo, vudiiue of 429 pag«s, with SO engravinitH and 2 colored platoa. <loth, $t,BBL' 

HILL BERKELEY). SYPHILIS AND LOCAL CONTAGIOUS DISORDERS, 

In one (iv.i, volume ..f 470 pagM. Cloth, t3,W. 
.HILLIER I THOMAS). A HANDBOOK OF SKIN DISEASES. Second e<lil 
' nc roTil 12mo. volume of 3.^3 lugets with two platea. Cloth, $2.23^ 
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HIRST (BARTON 0.) AND PIERSOL (GEORGE A.). HUMAN MONSTROS- 
ITIES. Magnificent folio, oontaininff 220 pages of text and illustrated with 123 engray- 
in^ and 39 large photographic plates from nature. In four parts, price each, $5. LSnUed 
edUUm. For sale by suhacription only, 

HOBLTN (RIOHARD D.). A DICTIONARY OF THE TERMS USED IN 
MEDICINE AND THE COLLATERAL SCIENCES. New (13th) edition. In 
one 12mo. volume of 845 pages. Just Ready. Cloth, $3.00, net, 

HODGE (HUGH L.). ON DISEASES PECULIAR TO WOMEN, INCL UDING 
DISPLACEMENTS OF THE UTERUS, Second and revised edition. In one 
8vo. volume of 519 pagee, with illustrations. Cloth, $4.50. 

HOFFMANN (FREDERIOK) AND POWER (FREDERIOK B.). A MANUAL 
OF CHEMICAL ANAL YSIS, as Applied to the Examination of Medicinal Chemicals 
and their Preparations. Third edition, entirely rewritten and much enlarged. In one 
handsome octavo volume of 621 pages, with 179 engravings. Cloth, $4.25. 

HOLMES (TIMOTHY). A TREATISE ON SURGERY. Its Principles and 
Practice. A new American from the fifth English edition. Edited by T. PiCKERDfa 
Pick, F.R.C.S. Octavo, 1008 pages, with 428 engravings. Qoth, $6; leather, $7. 



A SYSTEM OF SURGERY. With notes and additions by various American 

authors. Edited by John H. Packard, M.D. In three very handsome 8vo. volumes 
containing 3137 double-colunmed pages, with 979 engravings and 13 lithographic plates. 
Per volume, cloth, $6 ; leather, $7 ; half Russia. $7.50. For aaU by mbseriptum only. 

HORNER (WILLIAM E.). SPECIAL ANATOMY AND HISTOLOGY. Eighth 
edition^ revised and modified. In two large 8vo. volumes of 1007 pages, containing 320 
engravings. Cloth, $6. 

HUDSON (A.). LECTURES ON THE STUDY OF FEVER. In one ocUvo 
volume of 308 pages. Cloth, $2.50. 

H7DE (JAMES NEVINS). A PRACTICAL TREATISE ON DISEASES OF 
THE SKIN. New (5th) edition, thoroughly revised. Octovo, 866 pages, with 111 
engravings and 24 full-page plates, 8 of which are colored. Cloth, $4.60, net; leather, 
$5.50, net; half morocco, $6.00, net^ 

JAOKSON (GEORGE THOMAS). THE READY-REFERENCE HANDBOOK 
OF DISEASES OF THE SKIN. New (3d) edition. 12mo. volume of 637 pages, 
with 75 engravings, and one colored plate. Cloth, $2.50, neL 

JAMIESON (W. ALLAN). DISEASES OF THE SKIN. Third edition. OcUvo, 
656 pages, with 1 engraving and 9 double-page chromo-lithographic plates. Cloth, $6. 

JEWETT (OHARLES). ESSENTIALS OF OBSTETRICS. In one 12mo. volume 
of 856 pages, with 80 engravings and 3 colored plates. Cloth, $2.25. 

THE PRACTICE OF OBSTETRICS. By American Authors. One large octavo 

volume of 763 pages, with 441 engravings in black and colors, and 22 full-page colored 
plates. Cloth, $5.00, net] leather, $6.00, net; half morocco, $6.50, net. 

JONES (0. HANDFIELD). CLINICAL OBSER VA TIONS ON FUNCTIONAL 
NER VO US DISORDERS. Second American edition. In one octovo volume of 340 
pages. Cloth, $3.25. 

JULER (HENRY). A HANDBOOK OF OPHTHALMIC SCIENCE AND 
PRACTICE. Second edition. In one octovo volume of 549 pages, with 201 engrav- 
ings, 17 chromo-lithographic plates, test-types of Jaeger and Snellen, and Holmgren's 
Coloi^Blindness Test. Cloth, $5.50; leather, $6.50. 

KIRK (EDWARD 0.). OPERATIVE DENTISTRY. New (2d) Edition. See 
American Teztrbootu of DeTituttry, page 2. 

KING (A. P. A.). A MANUAL OF OBSTETRICS. New (8th) edition. In one 
12mo. volume of 612 pages, with 264 illastrationH. Cloth, $2.50. net. 

KLEIN (E.). ELEMENTS OF HISTOLOO Y. New (5tli) edition. In one i>ocket- 
sixe 12mo. volume of 506 pages, with 296 engravings. Cloth, $2.00, net. 
See Studeniif Series of Manuals, page 14. 
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LANDIS IHENET a.). TEE MANAOEMENT OF LABOR. 
12mo. Tolume of 329 pages, with 28 illustratioiu. Cloth, |1.7S. 

YELLOW FEVER. In two Sto. rolumoi of 14S8 pagB. 

LAURENOE (J. Z.) AND MOON (EGBERT C). A HANDY-BOOK OF 
OPHTHALMIC SURGERY. Second ediUon. In one octavo voluin* of 247 p«g«, 
•rilh 66 engnnings. floth, 112.76. 

LEA (HENEY C). CHAPTERS FROM THE RELIQIOVS HISTORY OF 
SPAIN; GEySORSHIP OF THE PRESS; MYSTICS AND ILLUMIXATJ; 
THE ENDEMOSIADAS; EL SANTO NINO DE LA OVARDIA; BRI. 
ANDA DE BARDAXI. In one 12mo. Totum« of a2'l pafcw. Cloth. f2.U). 

A BISTORT OF AURICULAR CONFESSION AND INDVLOENCB8 

IN THE LATIN CHURCH. In three ocU«o Tolumee of mbout «M pi««> Mch. 
Per volume, clolh, $3. CompUlt work 711M rtady. 



o<«H^_ 



STUDIES IN CHURCH HISTORY. The Rue of the Tenii«r»l P( 

BeneGl of Clergy^ Ex communication. New edition. In one luuidsoine 12mo. ~ 
of 606 pages. Cloth, (2.50. 

SUPERSTITION AND FORCE; ESSA YS ON THE WAGER OF LA W, 

THE WAGER OF BATTLE, THE ORDEAL AND TORTURE. Foofth 
edilion, thoroughly reviaed. In one royal I2mo. volume of 629 pages. Cloth, I2.7S. 

AN HISTORICAL SKETCH OF SACERDOTAL CELIBACY IS TBh 

CHRISTIAN CHURCH. Second ediaon. In one handaome ocUio Tolune of 6W 
pages. Cloth, $4.60. 

LOOMIS (ALFKED L.) AND THOMPSON (W. OILMAN), Edlton. A SYS- 
TEM OF PRACTICAL MEDICINE. In Contribuaons by Various AmericMiAulhon. 
Id r»iir rery hnndsooic oclavo voluiuva of about 000 poget each, tuUj illiutnUod in black 
and colore. Cimplrle v>ri nmr muly. Per vollune, cloth, J-i; Iralher, $6; ImU 
Morowo, f7. Fnr tale by walmeripliim only. Full proepectua free on applicatioD to Ul* 
Publisheni. 

LUTF (ARTHUR P.). MANUAL OF CHEMISTRY, for thi- um of Studento o( 
Medidue. In one l2ino. voluiDe of 522 pages, with i<6 engravingn. Cloth, |X 8m 
SladmU' Srrtu of MnnuaU, page 14. 



LTHAN ^EENRT M.) 



A TREATISE ON FEVER. In one octavo volgnwafJ 
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UAISOH (JOHN M.). A MANUAL OF ORGANIC MATERIA MEDICA. 
New (Tth) edilion, thorooghlj revbed b; H. C. C. Maim-r. Ph U., Ph.D. In om Mtr 
hanibviiQic l2mo. of Iil2 pages, wilh 2S6 engravings. Cloth, 12.60, net. 

MALSBART (OEO. E.l. A POCKET TEXT-BOOK OF THEORY ANI> 
PRACTICE OF MEDICINE. 12ino. 406 pago, wilh 46 ill iiatral Ions. Jtul Rtojf. 
C1'.lh, {[.76, Ml; flexible red leather, (2.26, nfl. 



MARSH (HOWARD). DISEASES OF THE JOINTS, to one 12mo. Tolnnw of 
46iS pngvs, with (i4 engravings and a colored plate. Cloth, $2. See Strut V C 
Manaait, page 13. 
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MARTIN (EDWABD.) SURGICAL DIAONOSES. One 12mo. volume of 400 
pages, richly illustrated. Preparing. 

MARTIN (WALTON) AND ROOKWELL (W. H., JR.). A POCKET TEXT-^ 
BOOK OF CHEMISTRY AND PHYSICS. 12mo. 366 pages, with 137 iUoa- 
irations. Ju^ ready. Cloth, $1.50, nel; flexible red leather, $2.CK), net. 

MAY (0. H.).. MANUAL OF THE DISEASES OF WOMEN. For the use of 
Students and F^ractitioners. Second edition, revised by L. S. Bau, M.D. In one 12mo. 
volume of 360 pages, with 31 oigravings. Cloth, $1.75. 

MEDIOAL NEWS POOKET FORMULARY. See page 1. 

MITOHELL (JOHN K.). REMOTE CONSEQUENCES OF INJURIES OF 
NERVES AND THEIR TREATMENT. In one handsome 12mo. volume of 289 
pages, with 12 illustrations. Cloth $1.75. 

MITOHELL (S. WEIR). CLINICAL LESSONS ON NERVOUS DISEASES. 
In one venr handsome 12mo. volume of 299 pages, with 17 engravings and 2 colored plates. 
Cloth, $2.50. 

MORRIS (MALOOLM). DISEASES OF THE SKIN. New (2d) ediUon. In one 
12ma volume of 601 pages, with 10 chromo-lithographic plates and 26 engravings. 
Cloth, $3.25, neL 

MULLER (J.). PRINCIPLES OF PHYSICS AND METEOROLOGY. In one 
large 8vo. volume of 623 pages, with 538 engravings. Cloth, $4.50. 

MUSSER (JOHN H.). A PRACTICAL TREATISE ON MEDICAL DIAG- 
NOSIS, for Students and PhTsidans. New (4th) edition. In one octavo volume of 
1104 pages, with 250 engravings and 49 full-page colored plates. Just Ready. Cloth, 
$6.00, net; leather, $7.00, net. 

NATIONAL DISPENSATORY. See StUU, Maiaeh A Caspari, page 14. 

NATIONAL FORMULARY. See National DUpentatory, page 14. 

NATIONAL MEDIOAL DICTIONARY. See BiUings, page 3. 

NETTLESHIP (E.). DISEASES OF THE EYE. New (6th) American from sixth 
English edition. Thoroughly revised. 12mo., 562 pages, with 192 engravings, 5 colored 
plates, test^Tpes, formulae and color-blindness test Cloth, $2.25, net 

NIOHOLS (JOHN R.) AND VALE (P. P.). A POCKET TEXT-BOOK OF 
HISTOLOGY AND PATHOLOGY. 12mo. of 459 pages, with 213 illustrations. 
Jful ready. Cloth, $1.75, net; flexible red leather, $2.25, net. 

NORRIS (WM. P.) AND OLIVER (OHAS. A.). TEXT-BOOK OF OPHTHAL- 
MOLOGY. In one octavo volume of 641 pages, with 357 engravings and 5 colored 
plates. Cloth, $5 ; leather, $6. 

OWEN (EDMUND). SURGICAL DISEASES OF CHILDREN. In one 12mo. 
volume of 525 pages, with 85 engravings and 4 colored plates. Cloth, $2. See Series of 
CUnioal Manuals, page 13. 

PARK (WILLIAM H.). BACTERIOLOG Y IN MEDICINE AND SURGER Y. 
12mo. 688 paged, with 87 engravings in black and colors and 2 colored plates. Jusi 
Beady. Cloth, $3.00. net. 

PARK (ROSWELL), Editor. A TREA TISE ON S URGER Y. bj American Authors. 
For Students and Practitioners of Surgery and Medicine. New condensed edition. 
In one large octavo volume of 1261 pages, with 625 engravings and 38 plates. JuA 
Ready. Cloth, net, $6.00; leather, net, $7.00. 

PARVIN (THEOPHILnS). THE SCIENCE AND ART OF OBSTETRICS. 
Third edition In one handsome octavo volume of 677 pages, with 267 engravings and 
2 colored plates. Cloth, $4.25 ; leather, $5 25. 
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PBPPEB'S SYSTEM OF MEDWISE. 8« page 2. 



* (Tth) Americtui Trum the Ninlh EagUith edition. In co« 
octavo volume of 700 pngeH, with 207 engnvings nod 7 full page plates. Oath, 13.75^ 

net: lenlher, H75, twt 



POUTZER fADAM). A TEXTBOOK OF THE DISEASES OF THE KAS 
AND ADJACENT ORGANS. Second AmericaD from the third German edititio. 
In one octavo volume of 748 pagee, with 330 original engmringB. 

POCKET FOBHULAKY. See page 1. 

POCKET TEXT-BOOKS Cover the entire dnmain of medicine in ailtecn TolumH of 
350 [o 450 pages escli, written bv leachen in leading American medical rallcfWb 
l»ued under the editorial ^iipervition of Berm B. Gki-i^vxttrc, M.D. . of the Coll*^ of 
Phvaiciana and Surgeons, New York. Thoronghl; modem and authoritative, oiHiciie 
ana clear, ampl^ ilTustmled with enjitravings and pUiea, handsomet? printed and 
bound. Tlienejiee b conutituled a» follown : AnMomy iprrparingi, PhTniolofcr irmd^J, 
C'lieruiiitrj and Ph^icn {nady), Hiniologj and Palholaicr (rraiiv), H>t«na Medio, 
Therapeutici, Medical Pfaarmac;. Prescription WriUng and Medial Latin (reaijr). 
Practice [rntdy), Diagnoeis (a&orUy), Nervotu and Menial Diveaaea (rvmfy), Sur^ny 
g), Genito-Crinar; and Venereal IHneaaeii yprmarmg), Hkin "' 



POTTS (CHA8. S.). A POCKET TEXT-BOOK OF NERVOUS AUD 
MENTAL DISEASES. 12roo. of 456 pages, wiib 88 itilustntiona. JiiM naif. 
t'lnili, fl,7.i, ;..r, flexible red leather, *2.2fi,«(. 

PROOBESSIVE MEDICINE. See ,)age I. 

PUBDY (CHARLES W.i, BBIOHT'S DISEASE AND ALLIED AFfBO- 
i ocUvo volume of 288 page^ with 18 eagn*- 



QtnZ SERIES. See ^fuifmU' Qua Srriea, page M. 

BALFE (CHARLES H.). CLINICAL CHEMISTRY. In one Iftno. Mlmiae U 

314 piigei-. u'tili 1 1; engraringH. Cloth,E1.50. Bve Sludail/ SerU* ef Mimunli,pagt H. 

BAMSBOTHAM (FEAWCIS H.t. THE PRINCIPLES AND PRACTICE OF 

OliSTETHlC MEDICINE AND SURGERY. Imperial octavo, of MO 
willi li4 pint'!- and iiiiroiToiu engravings in the texL Leather. 87. 

BEMSEN iIBAi. THE PRINCIPLES OF THEORETICAL CHEMISTB. 
.New i.Mh) edition, ihumughl}' revised. In one 12mo. volume of 3211 |>age«. Docd,:' 

BICHABD80N IBENJAMIH WAEDl. PREVENTIVE MEDICINK. 

ocuvc) volume of TiV pagvx. I'lotb, (4; leather, V5. 
ROBEETS (JOHN B.). THE PRINCIPLES AND PRACTICE OF MODi 

SUROERY. New (2d) edilion. In one octavo volume of san pago. wilh 474 

engravings uud M plaice. Clolh, |4.2.^, nd; leather, to.25, nO. 
THE COMPEND OF ANATOMY. For u»e in the DiwenUog B«on and la 

preparing for Examination*. In one lOmo. volume of IH6 page*. Limp clolh, 76 niw 
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BOSS (JAMES). A HANDBOOK OF THE DISEASES OF THE NERVOUS 
SYSTEM. In one handsome octavo volume of 726 pages, with 184 engrayings. Qoth, 
H50; leather, $5.60. 

80HAFEB (EDWABD A.). THE ESSENTIALS OF HISTOLOO F. DESCRIP- 
TIVE AND PRACTICAL. For the use of Students. New (5th) edition. In one 
handsome octavo volume of 350 pages, with 325 illustrations. Cloth, $3, neL 

A COURSE OF PRACTICAL HISTOLOGY. Second edition. In one 



12mo. volume of 307 pages, with 59 engravings. Cloth, $2.25. 

80HLEIF (WM.). A POCKET TEXT-BOOK OF MATERIA MEDICA, 
THERAPEUTICS, PRESCRIPTION WRITING. MEDICAL LATIN AND 
MEDICAL PHARMACY. 12mo. 352 pages. Just Ready. Cloth, $1.50, net; 
flexible red leather, $2.00, net. 

80HMITZ AND ZXTMPT'S OLASSIOAL SEBEES. 
AD VANCED LATIN EXERCISES. Cloth, 60 cents ; half bound, 70 cents. 
SCHMITZ'S ELEMENTAR Y LA TIN EXERCISES. Cloth, 50 cents. 
SALL UST. Cloth, 60 cents ; half bound, 70 cents. 
NEPOS. Cloth. 60 cents ; half bound, 70 cents. 
VIRGIL. Cloth, 85 cents ; half bound, $1. 
OURTIUS. Cloth, 80 cents ; half bound, 90 cents. 

80H0FIELD (ALFRED T.). ELEMENTARY PHYSIOLOGY FOR STU- 
DENTS. In one 12mo. volume of 380 pages, with 227 engravings and 2 colored plates, 
aoth, $2. 

80HBEIBEB (JOSEPH). A MANUAL OF TREATMENT BY MASSAGE 
AND METHODICAL MUSCLE EXERCISE. Translated by Walter Mkndel- 
SON, M.D., of New York. In one handsome octavo volume of 274 pages, with 117 fine 
engravings. 

BENN (NIOHOLAS). SURGICAL BACTERIOLOGY. Second ediUon. In one 
octavo volume of 268 pages, with 13 plates, 10 of which are colored, and 9 engravings. 
aoth,$2. 

SERIES OF OLINIOAL liANUALS. A Series of Authoritative Monographs on 
Important Clinical Subjects, in 12mo. volumes of about 550 pages, well illustrated. The 
following volumes are now ready: Carter and Frost's Ophthalmic Surgerv, $2.25; 
Marsh on Diseases of the Joints, $2; Owen on Surgical Diseases of (Children, $2; 
Pick on Fractures and Dislocations, $2. 
For separate notices, see under various authors' names. 

SERIES OF POCKET TEXT-BOOKS. See page 12. 

SERIES OF STUDENTS' MANUALS. See next page. 

SIMON (OHARLES E.^. CLINICAL DIAGNOSIS, BY MICROSCOPICAL 
AND CHEMICAL METHODS. New (3d) and revised edition. In one handsome 
octavo volume of 563 pages, with 138 engravings and 18 full-page plates in colors. 
Jtut Ready. Cloth, $3.50, net. 

SIMON (W.). MANUAL OF CHEMISTRY. A Guide to Lectures and Laboratory 
Work for Beginners in Chemistry. A Text-book specially adapted for Students of Phar- 
macy and Medicine. Sixth edition. In one 8vo. volume of 530 pages, with 46 
engravings and 8 plates showing colors of 64 tests. Cloth, $3.00, net. 

BLADE (D.D.). DIPHTHERIA ; ITS NATURE AND TREATMENT. Second 
edition. In one royal 12mo. volume, 158 pages. Cloth, $1.25. 

SMITH (EDWARD). CONSUMPTION; ITS EARLY AND REMEDIABLE 
STAGES. In one 8vo. volume of 253 pages, (loth, $2.25. 

SMITH (J. LEWIS). A TREATISE ON THE DISEASES OF INFANCY 
AND CHILDHOOD. Eighth edition, thoroughly revised and rewritten and greatly 
enlarged. In one large 8vo. volume of 983 pages, with 273 illustrations and 4 full- 
page plates. Cloth, $4.50 ; leather, $5.50. 
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SOLLY (8. EDWINI. A HANDBOOK OF MEDICAL CUMATOLOQY. 

In one handnotne octavo rolume of 403 pBg«B, with engravingi and II fult-p*^ I'l^U*. 
b of whk-h are In colore. Cloth, $4.0U. 

STILLE (ALPEEDl. CHOLERA; ITS ORIGIN, HISTORY, CAVSATIOS. 
SYMPTOMS, LESIONS, PREVENTION AND TREATMENT. In one Vimo. 

«olu me of 163 panes, with a chart shoving rouUe orprerioiis epidemics. Cloth, (1.2fi. 

Intt 

STILLS lALTKED), BUIBOH (JOHN M.) ASD OASPA£I lOHAS. J&.). 
THE NA TIONAL DISPENSA TOR Y: Conlaining the Xaturel HiWorT, Chetniittj, 
PhanuBC)', Actiooa uid L'^es of Medicinen, inclnding thone recognlied in the latent Phar- 
mampieiiu of the United ^talea. Great Britian and Germanv, iriih niuneroua t«fenocM 
to the French Codex. Filth edition, reri»ed and enlarged In accordance with and em- 
braring the new U. S, Phanaaropiria, Seventh I>ec«inial Kevinion. \Mth BuppleaHmt 
conlnining the new edition of the NaiUmai Fonatiiary. In one magnificent imMrial 
octavo volume of 2D25 paxes, with 320 engravingti Cloth, $T.2d; leather, 98. With 
rettd^ reference Thumb-letter Index. Cloth,tT.75; leather, (8.60. 

8TIMS0N (LEWIS A.). A MANUAL OF OPERATIVE SURGERY. N«« 
(4th) edition. In oneroval I2mo. rolumeof SSI paget^with 293 eograTin^ Cla(h,9S.0C^ 

ml. JuM Readii. 

A TREATISE ON FRACTURES AND DISLOCATIONS. New (Sd) 

Edition. In one handiome octavo volume of S42 pages, with 33S cngravingn ind 31 
full-page platen. Jul Ready. Cloth, (5 ; leather, fli, tuL 

STUDENTS' QUIZ SIIBIES. A New Senee of ManiiaU in qnonion uid answer for 
Students and Practitioners, covering the essentials of medical science. Thirt««n voIubhb, 
pocket site, couvenieni^ authoritative, well illuxtrated, handaomely bound in limp cloth, 
and issued at a low pnce 1. Anatomy (double number) ; 2. Plij^olog;}': 3. ChemiMry 
and Phfiiics; 4. HiatoloKV, Pathology and Bacteriologj ; G. Materia Medica and Thw*- 
penticsi It. I'ractice of Medicine; T. 8urKef7 (double number); 8. G«Dito- Urinary and 
Venereal Diaeasas; 9. Diseasce of tha Sldn; 10. DiseaKCs of the Ejt^ Ear, Throat and 
Nom; II. ObBtetrics; 12. Gvneoologv; 13. IXseases of Children. Pnoe, II ewh, txctU 
Noa. 1 and 7, Anatomy and Sarpery, w^ich being double numbeni are priced at 11.75 eatlu 
Pull specimen circular on application to publlBherd. 

STUDENTS' SEKIEB OF MANUALS. A Series of Fifteen Manuab b^ l':miiiant 
Teachep or Examiners, The vol u mm are pocketiiiEe IZmos. of from 300-640 pagv, pro- 
fusely illustrated, and bound in red limp cloih. The following volumes ma; iiuw b* 
announced: Hckkan's First Lines in Midwiferv, (1,25; Luff's Manual of Cheoustr;, 
(2; Brccb'8 Materia Medica and Therapeutics («ixth edition), (1.50, M,- Goitlji'* Hoi^ 



peal IMagnoRs, (2 ; Kl.BiN'a Elements of Histologv iSth ediuon), S2.00, iwK,- Pxrm'l 
.~ ~ . „ . , ^ppfi^ Anatomy, (2; B*L - •- ■ - 

>i/h Dinector's Manual, 11.50 



Surreal Pathology, fS; Tbxtbi' Sutf^cal Aj 

Chemistry, tLiW; and CXjIKKK and LocEWot 

For separate DoticCH, see under various authi 



SUTTON (JOHN BLANDl. SURGICAL DISEASES OF THE OVARIBS 
AND FALLOPIAN TUBES. Including Abdominal Pregnancy. 
ume of 613 pagm, with III) engravings and 5 colored ptatcH, Clotli, (3. 



IRIKS ■ 



TANNER (THOMAS HAWKESl. ON THE SIGNS AND DISEASES OW 
PREGNANCY. From the second English edition. In one octavo volume of 490 pi 
with 4 colored plates and lf> engravings. Cloth, (4.26. 
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TAYLOR AY.nrign s. . JtEDICAL JlKlsrHri't^SKt! Nv« Auivi&v>a¥ 
from the nrdfth Engltfli <«fiuoQ. #peci&IlT ryvlwU bv k^akk. IUi i, li^^^.. K*i ib«^ N V 
Bar. In one oamvo Tolame of 5;$1 [«|ew^ vitH M ftvjefttv ii^E» auU S Uill |«4g^ (*l<avik 
aodi,|4.M: IcBthcr, |d.50t. 

OS POISOSS IS RELATIOy IV Mt:iUCiSt: ASO MtilUVM 

JUBISPBCDESCE. Third American fn>m the iKinl lAUulxut «HiUivui. \\\ \^v^ Hvm. 
Tolome of 7^ pae«i vith 1(M illwirmtioo^. Cloth. $^.%VM ItMlh^, #(lvMK 

TAYLOR (ROBERT WJ. OEyiTi^rKISMiX I.V/» IKAKKKU MX 
EASES AND SYPHILIS New [2i\) etUtiiHi. In tm«» v«rv hmuUumi m>Uv%i vuiuimt 
of 720 pn^tty with 135 engravings and 27 coliuiMi pUl««, Jufft iviit^y. r)«tlh, #a (Hi, ml. 
leather, $6.00, n«f. 

A PRACTICAL TREATISE OS SEXVAL iUSHiilitCiiS IS 77/K MM. 96 



AND FEMALE New (2d) edition. In one wtavo vtttuiiin of AM y^^^m, wllli U| 
cngraTingB and 13 plates. JuMi Ready, Cloth, $8.00, ntU 

A CLINICAL ATLAS OF VENEREAL ASH SKIS IHSii\iNh'N 



Indnding Diagnoeis, Pro^oeis and Treatment. In ««iKlit iHtK*^ fulln |ihi-|h. iiiMnniriiin 
14 X 18 inches, and comprising 218 beautiful flgtirtw on ftN Aitl-|MiK» tOininin lllliii||i«|itiiit 
plates, 85 fine engravings, and 425 pageH of text. ('onii»l««l<« wi»rk ni»w rMnly. I'iii:ii imf 
parL sewed in heavy embossed paper, $2.50. liound In uim vulunia, lislr ItiiMU, |!l/ 1 
naif Turkey Morocco, $28. For waU 6tf mhntrifUhn only, AtUinmm lli« iMililUJiarii Hjim; 
imen plates by mail on receipt of 10 centM. 

TAYLOR (SEYMOUR). INDEX OF MKDWINE. A Msniisl forih«>UMiorhuiii<,r 
Stndents and others. In one large 12mo. voliunn of H02 psgMH, ( 'l<Hli, %\\ '//> 

THOMAS (T. GAILLARD) AND MUNDE (PAUL Y,u A I'UMmnAh 
TREATISE ON THE DISEASES OF WOMEN hiitfi mm*m, iU»it*otu^»h 
revised by Paul F. Mukiie, M.I>. In ontt han«liMmiif «^1hvo voUtiim itf H'Jti |m|{«W| hUU 
347 engravings. Cloth, $5 ; leather, pi. 

THOMPSON (W. OILMAN;. A TEXT-HOOK OF I'liAcrirAL MKltniNif, 
For Students and Practitioners. In one han<J*>';r/i<' f^-Uivo \'Aumtt ot i'/j*/ |/«|(4», with 
79 illustrations. JvM lUady. a^Xh, $5.'>f>, wt ; li^iUer, py'Jff, /i#/. 

THOMPSON (SIR HENRY . CLINICAL LEfynjum ON htfilKAHM OF 
THE URINARY ORGANS. Sery^nd niA r^fvi^-A •'Atu^u \u '/«u vAi»»'. v<^1mm4a a4 
203 pages, with 25 eognnnjpu < 1'Xh. %t.t'*. 

THE PATHOLOGY AND TREAT SS EST OF h/IIiltrcUh Of TflM 



URETHRA ASD URINARY FISTCLAC Vv^t. th.^ \hn^ VA.p^. •/l.u-^. i«> 
one octavo volume of V/i pair<iA. vjtJij 47 *f.tYji%\\uf* nu*\ '/^ ii»h«4rf»ioL»4 i/.mUt '.^aL. 
$3^. 

THOMSON JOHN . A GVIIjE 10 IIIH CLINICAL I.XAMIJs/'noi^ Atsh 
TREATMENT OF HICK CiiILhIiE:< It. vf-t ^;»v«». 'yru.-. .-/.un-. v ///. |«.|^ 
with 52 illuBLnni'jofe. 'V>ll \'* 'v vt^ 

TIRARD NESTOR . MhhlCAL 'I hh.'I bsi.y'i uy hi- t'/.>i'A^ / Mj i^fi^y 
TOMS. Hmudvjtt^ '^rjt'i'. "j:uiu* •/ KT y^if.** Jkj¥ I'^^^i* • ,'»*a V-V ».r' 

TODD R0BEB7 EEVTLE7 ri.ir^irAS. /.y-y 7 ' AA.* o,'^ ^ii^'i/it! 
ACUTE DViEAhh'i li 'juk "»'. ^-j jum* •/ '<iyj }/a,^i* • ./.< ^z y 

TREVES TOSDEXJfX 'jjJrJ-.Al :vy. >^ l/.i-FY :. .r o. ^ ^^^ 
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VAUOHAN (VICTOR C.) AND NOVY (FBEDERIOK G.). PTOMAINS, 
LEUCOMAINS, TOXINS AND ANTITOXINS, or the Chemical Ftctora in the 
Causation of Disease. Third edition. In one 12mo. volome of 603 pages. 

VISITING LIST. THE MEDICAL NEWS VISITING LIST for 1901. Four 
stjles : Weekly (dated for 30 patients) : Monthly (undated for 120 patients per month) ; 
Perpetual (undated for 30 patients eacn week) ; and Perpetual (undated for 60 patienta 
each week). The 60-patient book consists of 256 pages of assorted blanks. Tne fini 
three styles contain 32 pages of important data, thoroughly reyised, and 160 pages of 
assorted blanks. Each in one yolume, pricei $1.25. Witn thumb-letter index for auick 
use, 25 cents extra. Special rates to adyance-paying subscribers to The Medical Nkwb 
or Thk American Journal of the Medical ^ienceb, or both See page 1. 

WATSON (THOMAS). LECTURES ON THE PRINCIPLES AND PRAC- 
TICE OF PHYSIC, American edition from the fifth and enlarged English, with 
additions by H. Hartshorns, M.D. In two large 8yo. yolumes of 1^0 pages, with 190 
engrayings. Cloth, $9 ; leather, $11. 

WEST (CHARLES). LECTURES ON THE DISEASES PECULIAR TO 
WOMEN Third American from the third English edition. In one octayo yolnme of 
543 pages. Cloth, $3.75; leather, $4.75. 



ON SOME DISORDERS OF THE NERVOUS SYSTEM IN CHILD- 
HOOD. In one small 12mo. yolume of 127 pages. Cloth, $1. 

WHABTON (HENBT R.). MINOR SURGERY AND RAND AGING. New 
(4th) edition- In one \2mo. yolume of 596 pages, with 502 engrayings, many of which 
are photographic. Cloth. $3 00, net. 

WHITMAN (ROTAL). ORTHOPEDIC SURGERY. One octavo volume of 
about 050 pages, with about 400 illustrations. Preparing, 

WHITLA (WILLIAM). DICTIONARY OF TREATMENT, OR THERA- 
PEUTIC INDEX. Including Medical and Surgical Therapeutics. In one square 
octavo volume of 917 pages. Cloth, $4. 

WILLIAMS (DAWSON). MEDICAL DISEASES OF INFANCY AND 
CHILDHOOD. New (2cl) edition, specially revised for America by F. 8. Churchill, 
A.M., M.D. In one octavo volume of 53S page8, with 5'2 illustrations and 2 colored 
plates. Cloth, $3.50, ntt. Just ready. 

WILSON (ERASMUS). A SYSTEM OF HUMAN ANATOMY, A new and 
revised American from the last fjiglish edition. Ilhi8trated with 397 engravings. Ib 
one octavo volume of G16 pages. (Moth, $4 ; leather, $.5. 

WINCKEL ON PATHOLOGY AND TREATMENT OF CHILDBED. In one 

octavo volume of 484 pages. Cloth, $4. 

WOHLER'S OUTLINES OF ORGANIC CHEMISTRY. Translated from the 
eighth Crcrman eiiition, bv Ika Hkmskn, M.I). In one Timo. volume of 550 pages. 
Cloth, $3. 

TEAR BOOK OF TREATMENT FOR 1898. A Critical Review for PractiUoneni of 
Medicine and Surgery. In contributions by 24 well-known medical writer?'. 12mo., 488 
pagw. Cloth, 11.50 ' 

TEAR-BOOKS OF TREATMENT for 1892, 189:i, 1896, and 1897, similar to above. 
Each, cloth, $1.50 

TOUNO (JAMES K.). ORTHOPEDIC SURGERY. In one 8vo volume of 476 
pages, with 280 illustrations. Cloth, $4 ; leather, $5. 
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